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ABSTRACT
The major reproductive problems facing cattlemen and veterinarians, 
even today, are anestrus and repeat breeding. Complete etiology of 
either one remains unknown. The incidence of anestrus according to 
the literature is even more frequent in tropics and subtropics in dairy 
cattle* In these regions of the world, this increases as a result of 
onset of adverse weather conditions.
Ovarian activity and adaptation, including growth responses, were 
studied in two groups (5 animals each) of 12 to 15 months old virgin 
Holstein heifers under natural, controlled and cycled hot and cool 
climatic conditions in the 190-day investigations. Croup 1 received the 
following treatments during three 60-day periods: Period 1 - natural 
spring climatic conditions; Period 2 - psychrometric chamber cycled at 
95°, 85° and 75°F during a period of 24 hours each, and; Period 3 - air 
conditioning in the chamber at 62° - 65°F. Group 2 received the same 
treatments as Group 1 during Periods 1 and 2, and during Period 3 it was 
kept under natural summer climatic conditions. The mean partial pres­
sure of water vapor (mm. Hg) for Periods 1, 2, 3a and 3^ ranged from 
12-16, 25-29, 17-22 and 12-14 respectively.
Under cool climatic conditions, the average length of estrous 
cycles was 20-21 days as compared with 25 days under hot climatic 
Conditions (maximum of 95°F). The average duration of estrus was 11 
to 14 hours under hot climatic conditions as compared with 20 hours, 
under cool conditions. All of these differences were significant 
(P40.O1). Incidence of clinical anestrus was 33% among the heifers 
during Period 2. The proportion of estrual periods detected in the
xii
morning was 76% (B^).01) in contrast to 24% during daytime hours in 
these investigations* The intensity of estrus and time of onset of post 
ovulatory bleeding were decreased tinder hot climatic conditions. Also, 
vulval enlargement was greater under cool than under hot climatic con­
ditions. Cervical mucus smears during estrus showed significantly 
(P<0.01) large crystals and higher quantitative scores in contrast to 
other days of the estrous cycle.
Body temperatures and adrenal responses were higher on the day 
of estrus (P40.O1) as compared with other days of the estrous cycle. 
Thyroidal activity was depressed on the day of heat in contrast to other 
days of the estrous cycle.
Neutrophilia, lymphopenia and general leucocytosis were observed 
on the day of estrus in these heifers. A significant correlation cow 
efficient (P<P.01) of 0.57 was obtained between duration of estrus and 
neutrophil-lymphocyte ratio. The shedding of hair coat was complete by 
the end of fifth week during Period 2.
Heat stress depressed thyroidal activity. Thyroidal activity 
during Periods 1 and 2 for both groups of heifers was 10.2 and 7.8 in 
terms of RBC uptake expressed as %/100 hematocrit, respectively 
(F0.O1). Also, during Period 3, the values for groups 1 and 2 were 
12.2 and 7.4, respectively (P^iP.Ol). Thus, the heifers under air 
conditioning (group 1 in Period 3) showed an increased response (P^p.01)
Growth rates were also depressed (P^).01) due to heat stress.
The growth rates in terms of daily gain in body weights during Period 
1 and 2 were 2.29 lb. and 0.92 lb., respectively (P^O.Ol). The aver­
age daily gains during Period 3 for groups 1 and 2 were 2.19 lb. and
1.80 lb., respectively* Body measurements followed a similar pattern.
xiii
These heifers, as reflected by changes in hair coats, growth re­
sponses, reproductive responses, endocrine status and body tempera­
tures, made some adjustments by the end of the fifth week during 
Period 2, The results indicate that yearling dairy heifers have quite 
a capacity to adapt to natural and to controlled and cycled hot 
climatic conditions provided feeding and management practices are 
maintained adequately*
jciv
I, INTRODUCTION
Much effort has been expended on the improvement of farm animals 
for milk, meat, wool, egg and other purposes; this, however, will be of 
no avail unless a high degree of fertility is also maintained. The 
interest in infertility has been increasing rapidly in the last few 
years among veterinarians and livestock breeders. Livestock breeding 
is coming under more economic pressure; and as a result, it is neces­
sary to obtain a higher level of fertility.
The highest fertility possible in a group of non-pregnant cows or 
heifers would be one successful pregnancy for each animal in the group 
over a three-week period. To attain this degree of reproductive effi­
ciency, each animal in the group must be in estrus and have initiated 
a successful pregnancy during the period (53). Studies with repeat 
breeders and heifers seem to indicate that failure of fertilization 
may occur in about 25% of the animals (136, 137). Some workers (136) 
have estimated that 66% of the ova were fertilised in repeat breeding 
heifers, free of disease and gross genital abnormalities. Embr^yonic 
mortality rate was estimated to be 54% in these cows. Also 65% of 
embroyonic death rate occurred by the 34th day of the pregnancy. These 
results signify the magnitude of infertility in cattle.
It is axiomatic that improved reproductive efficiency means 
improved production efficiency. Most studies have shown that the ap­
parent influence of heredity on fertility is small (21). Thus environ­
mental factors attain the role of paramount importance in making the 
greatest progress in improving the fertility of dairy cattle. In the 
Gulf Coast area, of the United States low average production per cow
2during the hot summer months (as well as on an annual basis) is one of 
the major problems in dairy farming* This problem is even more acute 
in subtropical and tropical areas of the world (22).
A rapid decline in reproductive efficiency occurs during July and 
August in hotter climates. This is in contrast to the findings in cooler 
climates. Mercier and Salisbury (88) in eastern Canada, in New York 
State (89), and Erb and Waldo (42), in western Washington, found breeding 
efficiency at its highest in summer and fall. Cattle are Influenced in 
their reproductive behavior by seasonal changes, possibly changes in day 
length (88, 89). Apparently, this influence of light is over-shadowed by 
the stress of summer temperatures in Louisiana. In the rapidly expanding 
field of reproductive physiology, fairly comprehensive information is 
available on different aspects of male fertility. It would appear from 
the recent investigations (21, 134, 135, 151) that the cow is a major con­
tributor to the low seasonal fertility. One of the most common causes of 
infertility with the individual cow is the lack of detecting or finding 
animals in heat. These animals may be in anestrus or in silent heat 
without showing any external manifestations of heat:.
A few studies have shown that thyroid and adrenal glands are in­
volved in affecting the level of fertility in cattle, though results are 
variable. This idea is not without support in the literature. Body tem­
perature and fern pattern of cervical mucus have been shown to bear some
relationship with estrual behavior in the female (10, 154).
Selye (126) attracted attention to the fact that the changes in the 
blood characteristics constitute part of the general adaptation syndrome, 
which is the response of the body to adverse influences, so called 
"stress". Changes in the blood characteristics under sexual physiological 
conditions in women have been reported (6, 35, 79). Thus far, no results
3of exhaustive investigations of the normal blood morphology under physio* 
logical sexual conditions in virgin Holstein heifers are available. This 
might serve as a basis for the study of various endocrinally conditioned 
sexual disturbances.
It is only recently, with the recognition of the tropics as the 
main sources of world food supplies in the: future and the need for in* 
creasing the efficiency of farming in temperate climate, that interest in 
the thermal surroundings of farm animals has been evoked.
Though it is deduced that the high ambient temperature initiates or 
precipitates the cause of lowered fertility, the causes themselves have 
not been indicated or characterized .definitely by experimental means in 
the cow. Thus, it can only be, at present» theorized from the limited 
amount of information available from the literature that reproductive 
efficiency or fertility is affected £o a great extent by the thermal 
stress to which the animals are exposed. This might be due to depres­
sion of duration of estrus and estrous cycle length. Such information 
is essential for a basic understanding of the problem and for subsequent 
appropriate means of improving reproductive efficiency in areas where 
high seasonal temperatures are common.
In view of the above, the research reported herein was undertaken 
with the following objectives:
(a) to characterize the normal estrous cycle in virgin Holstein heifers 
in Louisiana during the time when the fertility is at its maximum and 
minimum; (b) to estimate the magnitude of the thermal stress on the 
physiological manifestations of the sexual activity; (c) to study the 
realiability of body temperature and cervical mucus-smear histology in 
relation to estrual behavior on different days, representing different 
stages of estrous cycle; (d) to observe changes in blood components with
4regard to different stages of estrous cycle and stress, (e) to inter­
relate these findings for developing an index for detection of estrual 
activity under normal and stressed conditions; and (f) to study growth 
pattern and adaptability phenomena under different kinds of environ­
ments.
5II. REVIEW OF LITERATURE
One of the most baffling problems confronting livestock producers, 
veterinarians and research workers today is that of sterility or reduced 
fertility. The livestock industry has experienced variations of economic 
significance in the reproductive output of domestic animals which appear 
to be attributable to environmental conditions. Recently, through tech* 
nological advances in microclimate studies, the cow (135) has been shown 
to be the major contributor to t{ie seasonal fertility. Host of the 
functions of the animal body are at their minimum during summer and fall 
in both the northern and southern hemispheres (7, 54, 134). Lowered 
fertility of European breeds of cattle probably is due directly and/or 
indirectly to thermal stress. The following review of literature 
attempts t;o give a coordinated account of the climatic stress brought 
into relation with the problems of affecting fertility by influencing 
ovarian activity in dairy cows. However, it appears to be appropriate 
to define certain terms prior to this review.
A. DEFINITION OF TEHHS
Stress is a non-specific action, not necessarily a pathologic 
state, occurring in a biologic system through a stressor. Stress is 
fundamentally a physiologic response. The primary object of the stress 
reaction is the maintenance pf life and re-establishment of normalacy 
during and following damage of functional activity. A stressor is a pre­
ponderantly non-specific agent or factor, which both damages and stimu­
lates defense, that is, non-specific damage which is conducive to 
defense. A non-specific agent is one which affects many tissues and is
6devoid of the ability to act selectively upon any one for example, 
exposure to extremes of temperature causes a stress affecting most 
tissues of the body (127, 128, 129).
Ovarian activity refers to the ability of the primary organs of 
reproduction in females to perform both an exocrine and endocrine 
functions. The former consists of the production of egg-cell or ova 
through the processes of oogenesis and ovualtion, while the latter is 
concerned with the production of the ovarian hormones, estrogen and 
progestrone (54, 123).
Anestrus and repeat breeding are the important problems, existing 
even tqday, which plague cattlemen. Anestrus is the period of time in 
which estrus does not occur in the mature female and the reproductive 
organs are in a state of quiescence. It may be due to complete suppres­
sion of ovarian activity or to the condition in which ovary is undergoing
l
cyclical activity without external manifestations of estrus. Clinical 
anestrus includes all animals not in heat. It may be due to lack of 
ovarian activity, lack of expression, or to failure of observation. 
Failure of observation may be due to short estrual periods, or to estrus 
being of such low intensity as to pass unnoticed. Low energy intake and 
uterine infection may be other causes (54). A repeat breeder is a 
normal cow in gross sense and gives no clinical evidence of infectious 
genital diseases; palpation of genitalia shows no anatomical abnormality, 
no inflammation and no persisting pathology. Neither hyper- nqr hypo- 
ovarian activity is detectable. Thus, a cow showing reduced probability 
of conception is a repeat breeder. The possible factors (27) involved 
in it, may be low grade non-specific infection, feeding, heredity, 
endocrine and possible immunological factors. Fertilisation failure and 
embryonic loss are major causes of repeat breeding. However, the
7complete physiology of either one remains unknown.
B. EFFECT OF CLIMATIC STRESS ON 
PHYSIOLOGICAL RESPONSES IN 
FEMALES.
Usually there are three types of stresses* namely* climatic* 
nutritional and social to which an Individual is generally subjected 
(102).
1. Reproduction
Thermal stress in the female is known to result in lowered repro­
ductive efficiency in some species of farm animals. In simple field 
observations* the specific effects of temperature on female reproduction 
are not always apparent because of concurrent changes in other environ­
mental factors. Perhaps* the bull also may be affected. The breeding 
efficiency of the cow can be affected by failure to manifest eetrual 
activity* ovulation failure* viability of gametes and embryo survival 
under the stress of high environmental temperatures (135). Numerous 
studies (134) have showed a depression in reproductive efficiency in 
dairy cattle. Fertility dropped 3.4% in winter and 12.4% during hot 
summer months. In tropical hot areas of Australia* losses through 
embryonic mortality have been estimated at 25-33% (92).
Studies in climatic laboratory have shown frequent failure of preg­
nancy in ewes exposed to high environmental temperatures (156). The 
degree of reproductive failure depends on the length of time and severity 
of the ewe*8 exposure to heat (122). Dutt (41) has reported that expo­
sure of ewes to an air temperature of 32°C commencing 6 days before mating 
reduced fertilization from 93% in unheated controls to 52% in heated 
animals; but by commencing heating of ewes one day after mating* 
landings were reduced from 100% in unheated control ewes to 20% in the
heated animals. However* when heating was commenced 8 days after mating, 
embryo survival and lamb birth weight were affected little. A delayed 
deleterious effect of heat on the ewe ova has been noted (3), which 
appeared normal at the time of ova transfer. High ambient temperatures 
do not appear to affect the length of estrous cycle or duration of preg­
nancy in sheep (41, 156); however, opinion on this subject is contro­
versial (95).
Recently, at Beitsvflle, a series of studies (18) were conducted 
to determine the effect of prolonged heat stress on reproductive per­
formances of two-year-old virgin heifers of Angus, Shorthorn and Hereford 
breads, at a constant temperature of 90°F in psychrometric chamber.
Under thermal stress, the animals ceased to cycle after 5 weeks, while 
the controls continued normal cycling, In the non-cycling heifers, fol­
licle formation continued without maturation and ovulation. By the 21st 
week, the heat group re-established normal estrous cycles. Another group 
Of heifers was placed at 100°F constantly; this time, in the first week, 
the estrus was disrupted. From these studies, it appears that the ces^ 
satfon of the estrous cycle is associated with the degree of stress.
There is no evidence that cold ambient temperatures per se have a 
harmful effect on production of ova or sperm in farm animals. Studies 
with anestrus ewes (135) have shown that the onset of estrual season can 
be hastened by exposure to low temperature and can be delayed by high 
temperatures. The most serious effects of low temperatures on repro­
duction are indirect ones. Mating and parturition may be interferred 
with, while the nutritional requirements of the reproduction may be 
inadequate owing to the extra requirement for maintenance of body tem­
perature, If the effect of limited feed supply is aggravated in this 
way by cold, fetal development or lactation may be affected severely.
9Postnatal death of calves also may occur due to cold prostration (53). 
Increase In relative humidity (from 37 - 75%) becomes an important factor 
in lowering breeding efficiency during the late summer months (135).
2. Growth Patterns 
During early life* the dairy heifer's body is developed for later 
milk production and reproduction. In young heifers, the development of 
reproductive organs is highly dependent on body growth. It has been 
reported that in many hot areas of the world, the growth and development 
of dairy heifers of the European breeds is often below optimum, or even 
totally inadequate (123). However, few controlled experiments have been 
conducted to assess the magnitude of this problem in cattle (146).
An experiment conducted both in New Zealand and on the Fiji 
Islands (59) presented interesting results. In this trial, 8 pairs of 
mpnosygotic twin heifer calves of the Jersey and Shorthorn breeds were 
used. One member of each pair was selected at random and sent to Fiji. 
Feeding and management conditions remained similar in both places. At 
the date of first calving the heifers raised on Fiji were 9.6% lighter 
than their mates in New Zealand. This difference has been attributed to 
the depression of growth rates brought on by the hot weather.
Another study conducted in Missouri (112) under controlled con­
ditions at constant temperatures of 50°F and 80°F and in an open shed, 
showed a considerable depression of growth in Shorthorn heifers at 80°F 
as compared with that for the heifers at 50°F and in an open shed.
Also, similar results were obtained with Santa Gertrudis heifers. In a 
similar study (66), it was demonstrated that mild heat stress stunted 
the growth of young Jersey and Holstein heifers.
Thompson and associates (139) measured physiological responses of 
ten Holstein heifers under cool (38° - 65 ?) and controlled cycled hot^
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(75° - 95°F) climatic conditions in Louisians* The average daily body 
weight gain decreased from 1.8 to 1.1 lbs. Johnston et al. (68) found a 
decline in daily average gain of yearling heifers of the Jersey and 
Holstein breeds and Red Sindhi-Holstein crossbreds during the first 20 
days of exposure to cycled hot climatic conditions (75° • 95°F); but 
these heifers returned to normal growth rates during the second 20 days 
of the experiment.
3. Other Biological Reactions to Climatic Stress
It should be recognized that air temperature is the critical 
climatic factor in determining animal response. The normal body tempera­
ture (24) for all breeds of cattle is usually accepted to be 101?0 F, 
with some deviation due to age, stage of lactation, level of nutrition 
and reproductive status, Studies (87) under field conditions have demon­
strated that in European breeds body temperature rises with increasing 
environmental temperature above 70°F, temperatures of 80°F and above 
showing a marked effect. Branton et al. (23) found that at air tempera­
ture of 78° to 94°F the within animal correlation of rectal and air tem­
perature for lactatlng Jerseys and Holsteins was 0.67 and 0.77, respec­
tively. Quazi and Shrode (111) reported correlation values from 0.33 to 
0,66, the lowest being in the crossbreds. Other workers have shown 
similar results. Research at the Missouri station (140) showed an in­
crease in rectal temperature at air temperatures from 75° to 105°F, with 
the greatest rise in Holsteins. In general, air temperatures above 
80°F influence body temperature of cattle; but the degree of effect is 
somewhat dependent upon age, breed, stage of lactation and level of 
nutrition.
One of the first observe^ responses in cattle subjected to hot 
climatic conditions is an increase in respiration rate. It is regarded
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as pne of the mechanisms for the maintenance of heat balance in most 
animals. Numerous reports (87) have demonstrated that respiration rate 
rises with increasing air temperatures, and the change is most pro* 
nounced above 85°F. From field studies, it has been concluded that the 
variability of respiratory rate with exposure time and environmental 
temperatures would make it of little value as an index of the ability to 
withstand thermal stress. From 20 respirations per minute under cool 
conditions to 100 or more per minute under hot conditions have been 
reported in cattle (87).
In general, air temperatures from 40° to 105°F have been reported 
to cause a slight decrease in pulse rate of all animals; but at 105°F, 
the rate was increased in all animals except heifers. The increase in 
pulse rate was associated with abnormal rectal temperatures of 106°F and 
108°F (74),
When cattle are subjected to sufficiently hot conditions, 
it becomes impossible for them to dissipate enough heat to match their 
heat gala; thus, their body temperature rises. If such conditions per­
sist for an extended period of time, older animals tend to respond by 
decreasing their metabolic heat production, thus eliminating part of 
their total heat load (69, 75). Kibler (76) found that at both 50° and
80°F heat production was highest per unit body weight in Shorthorns and 
lowest in Brahmans, with the Santa Gertrudis being the intermediate.
Thus, metabolic heat production was inversely related to heat tolerance. 
It was (77) observed that gradually increasing environmental temperatures 
over a 2 to 5 months period caused decreases in energy metabolism in 
heifers reared at both 50° and 80°F. On the other hand, a rapid increase 
in environmental temperature from 65° to 110°F during a period of 6 hours 
increased energy metabolism. Even fasting the animals 41 hours
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previously did not depress the rise in energy metabolism accompanying a 
rapid increase in environmental temperature, showing the association of 
the rise with respiratory activity, primarily.
Rogerson (118) also noted an increase in metabolic heat production 
as a result- of a short•term effect of high environmental temperature. It 
was dependent upon the plane of nutrition. It has been reported that 
animals on a high plane of nutrition react more severely to heat stress 
than do animals on a low plane of nutrition.(9). In mature cattle, the 
decrease in metabolic heat production "accompanying long continued expo­
sure to hot conditions has been ascribed to decreased thyroid activity.
McDowell (87) has reviewed the changes in coat characteristics of 
cattle associated with climate. In general, cattle with short smooth coat 
appear to .have a.superior tolerance, over wooly coated ones ; but the reason 
is not certain at present. It may be related to surface evaporation.
Other workers (68, JO, 139) have observed an increase in heat production, 
respiration .rate and rectal temperature following initial exposure of 
cattle to ,heat; but these.'responses declined on continued exposure.
.4. -Reproduction and Body Temperature 
Precise timing of .ovulation is necessary, obviously, when insern^  
ination is contemplated, and,perhaps its determination is most rewarding 
in animals with;extremely irregular cycles and infrequent ovulation.
Monophasic temperature patterns have been reported in post-menopaus- 
al and castrate women as well as in prepuberal girls and in men (43). 
Frequently, also,-disturbances in the temperature curve are seen in women 
with ovarian insufficiencies as diagnosed by vaginal smear, .endometrial 
biopsy and amenorrhea; Thus, a functioning ovary is necessary for t.he 
existence of the biphasic curves.
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Only a few studies of variations in body temperatures during the 
estrous cycle of cattle have been reported. Roark and Herman (115) of 
Missouri observed a gradual increase in the average vaginal temperature 
from the start of estrus to a maximum at about 12 hours after the onset 
of estrus, and then it subsided to the diestrus level. Simirnova (130) 
analysed data from 105 cows and found that at the onset of estrus the 
temperature increased to 39.5° or 40°C, then fell during the succeeding 
10 to 20 hours to a minimum of 38°C at the time of ovulation, and later 
regained its normal level. Wrenn, Bitman and Sykes (154, 155) found 
that the vaginal temperature fluctuated with the estrous cycle, being 
lowest just before estrus, high on the day of estrus, low again at the 
time of ovulation, and high during the luteal phase of the cycle.
Similar results were obtained by Bane and Rajakoski (10).
5. Inter-relationship between Nutrition. Climatic Stress and 
Reproduction
Considering the direct relationship between nutrition, climatic 
stress and reproduction, little information is available. Even today it 
is a fairly common belief that a level of feeding adequate in quantity 
and quality to produce rapid growth, early maturity and optimal health in 
animals is also best for the maintenance of reproductive health. The 
work of Stott and Moody (147) showed that studies of response to environ­
mental temperature must consider the type of ration. These data suggest 
that when environmental temperatures are high, the lactating dairy cow 
can maintain nearly normal productive response except for milk fat test, 
if the energy level of ratfon is kept constant and the fiber content is 
decreased. This study showed significant interaction of ration and 
environmental temperature on the efficiency of energy utilisation for 
milk production, and it indicated that ambient t&qperature should be
14
considered in evaluating ration effects.
Some investigators (71, 134, 135) have concluded that perhaps the 
indirect effects of climatic stress on cattle in hotter climates are 
more important than the direct effects. These indirect effects have been 
suggested to involve primarily the feed supply, particularly the quality 
of forages. Generally, pasture quality has been shown to decline 
markedly during July and August in the Gulf Coast area. Also, during 
July and August little or no clover is found in these pastures. Such 
declines in levels of nutrition have been shown to depress both milk 
yield and growth rates. The effects of these indirect factors on repro­
duction have not been completely elucidated,
C. OVARIES AND ESTROUS CYCLE
There is no tissue in the body of an animal in which the changes 
are es conspicuous and as dramatic as those in the ovary, and there is 
no tissue which presents more variable aspects. These changes are 
reviewed in the following sections.
1. Estrous Cycle
The term cycle refers to a repetitive series of events or to succes­
sive changes of state, thus being either qualitative or quantitative in 
nature (78). The cycles are intrinsic in origin. In females, the time 
when signs of heat are exhibited, are estrous periods, and the intervals 
between the beginning of one period and that of next are estrous cycles.
The estrous cycle primarily consists of two phases, follicular and 
luteal. The follicular phase consists of proestrus and estrus, while 
the luteal phase consists of raetestrus and diestrus periods. The 
periods of estrous cycle of the cow and the changes accompanying them 
are shown diagramatically in Figure 1.
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2. Mechattiw of Estrous Cycle Regulation 
The simplified basic interactions between the pituitary and the 
ovary as accepted before 1930, along with recent concept, are shown in 
Figures 2 and 3, respectively* The new concept involves the release of 
the pituitary gonadotropins necessary for follicle maturation, ovulation 
and corpus luteum formation. This is controlled by one or more neuro- 
humors produced by in the hypothalamic nuclei , or higher nerve centers, 
and is transferred to the anterior lobe of pituitary by way of special* 
ised hypophyseal portal vascular system (61). This also explains how 
changes in animal's environment are converted into changes in the nature 
and quantities of gonadotropins secreted.
3. Cvcl^ Length and Duration of Estrus 
As reported by Asdell (8) the mean length of estrous cycle in 
heifers is 21*23 £  .05 days, with 85% of heifers having cycles of 18 to 
22 days. In cows, it has been reported to be 21.28 + 0*06 days, with 
16% of the cows having cycle lengths that were shorter or longer than 
18 to 24 days.
Roark and Herman of Missouri (115) reported an average of 21.41 
days for cycle length, with a range of 11 to 35 days. However, the modal 
cycle length in the cow as reported by other workers (123) is 2 1 + 4  
days. Hall and associates of Louisiana (55) reported the duration of 
heat in cows and heifers to be 11.9 hours, with heifers having signifi­
cantly longer estrous periods than parous cows. Hammond of England (56) 
reported that heat lasted an average of 19.3 hours, in cows and 16.1 
hours in heifers, with a range in duration of estrus in cows from 6 to 30 
hours and a mean of about 17 hours. Averages from other workers also 
fall in this range.
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P. CERVIX
The cervix is the sphincter-like segment of the reproductive tract 
which separates anatomically and physiologically the uterine lumen from 
the vagina (131).
1. Physical Characteristics of the Cervical Mucus 
In 1923 Woodman and Hammond (153) first showed the cyclical changes 
in the cervical mucus in vivo. Puring estrus (56, 115), the mucus in the 
cervix and upper vagina is abundant, clear, adhesive and fairly fluid.
It contains considerable cellular debris and is capable of being drawn 
into threads. In mid-cycle, it is greatly reduced in amount and is very 
viscous, contains minimal amount of cellular detritus; whereas, in 
diestrus the mucus is thick, minimal and cohesive* and usually contains 
little cellular debris. If pregnancy occurs, the mucus hardens and 
seals off the cervical canal (123). Herrick (63) noticed that during 
metestrus* the mucus was less abundant, tinged yith blood from the uterus 
and contained a moderate amount of cellular debris. The brownish color 
of the secretion which is frequently observed a few days after heat ic 
probably due to the presence of decomposing blood cells (153). The flow 
of uterine secretion and local infiltration of leucocytes also may affect 
the color of the mucus* These changes at different times in cervical 
mucus secretion are under the control of ovarian hormones. Following 
ovualtion, the cervical mucus becomes thick, and its stretch becomes 
minimal or disappears completely.
2. Cvtological Changes in Cervical Mucus 
Mucus is constantly secreted by the columnar epithelial cells of 
cervix (63) but the volume varies with the period of the cycle. Maximum 
fullness of the cells occurs at estrus, when the luminal ends of the
cells rupture end discharge the cytoplasm (mucus) into the cervix.
Cells on the folds of the cervix empty first, and those in the crypts 
irregularly during the cycle. Some cells degenerate after loosing their 
nuclei; but most cells retain' their nuclei, are repaired, and become 
functional again. The increasing activity of the mucus secreting cells 
is proceeded by an increase in the vascularity of the stroma which also 
seems to influence the type of mucus secreted. The majority of the 
cells replenish their number prior to the onset of the ensuing estrus, 
probably by mitotic divisions. Herrick (63) points out that there is a 
definite correlation between the vascularity of the cervix and the 
quality and quantity of the mucus secreted. The decreased vascularity 
of the cervix brings about an alteration in the character of the mucus 
secreted.
3. Histology of the Cervical Mucus Smears 
Cyclical variations in the mucus membranes and in the secretions 
of the genital tract which follow the rhythm of ovarian activity have 
long been known. An interesting observation on the cyclical variations 
in the cervical secretion was that pf Papanicolaou (101). He demon* 
strated that a smear of cervical mucus, when dried, crystallized into a 
fern-like pattern (arborization). Arborization was regularly seen in 
smears made about the time of ovulation, but was not evident during the 
rest of the menstrual cycle or during pregnancy or the menopause. 
Papanicolau (158) also noticed that this pattern of crystallization 
appeared following the administration of estrogen. This phenomenon is 
closely associated with estrogen activity and is inhibited by progesterone, 
Zondek (158) claims that arborization is not peculiar to cervical mucus 
but that it is instead a "non-specific process occurring in every mucus 
or body fluid, induced by the combined action of any protein or its
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degradation products with certain electrolytes.” This non-specific test 
has highly specific significance in the cervical mucus because at this 
site it depends upon the action of the estrogenic hormone, counteracted 
by the progesterone.
Arborization in the cervical mucus of the cow was first described 
by Gsrm and Skjerven (10). Smears taken during estrus and the few sub­
sequent days gave clear and well developed patterns. During mid-cycle, 
no arborisation or only a few atypical patterns could be discovered.
Bone (19) has studied the association between the crystallization pat­
terns in the cervical mucus, pregnancy and known reproductive disorders. 
In his opinion the vaginal mucus changes were unreliable indications of 
heat or pregnancy. The general fern pattern or fern-like configuration, 
as reported by Abusineina (I), was comprised of a central stem, with 
venation and subvenation both accurring perpendicularly. Fern pattern 
in vaginal mucus smears was irregular.
4. Collection Methods
Scott Blair et al. (125) obtained samples of cervical mucus from 
cows by inserting the hand into the vagina. Woodman and Hammond (153) 
obtained mucus from slaughtered cows by means of a blunt metal scraper 
after making longitudinal incision in the cervix. Roark and Herman 
(115) collected mucus samples by means of an aspirator consisting of a 
glass tube attached to a rubber suction bulb. Olds and VanDemark (98) 
collected mucus samples from slaughtered cows by making a longitudinal 
incision in the cervix and then aspirating the mucus with a syringe. 
Lardy et al. (80) used a speculum and a pipette to draw out the specimen 
of cervical fluids from Intact cows. Gupta (52) developed a technique 
for collection of cervical mucus by using catheter attached to a vacuum 
pump for creating negative pressure in the collection flask.
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E. RECTAL PALPATION
At present, rectal palpation Is the only available and reliable 
method to determine the state of ovarian activity, whether the animal is 
in anestrus, estrus or pregnant. Hall and associates (55) palpated the 
animals per rectum for ovarian activity to verify estrual periods with 
an intensity score of 1 and 2, and also for determining the ovulation 
time and for establishment of pregnancy in cows. Development of graafian 
follicle and corpus luteum as well as their state of development was 
detected by rectal palpation.
In the cow, pregnancy can be determined by palpating per rectum 
the amnionic vesicle at a>out 34 days, and after this time palpation for 
placentomc8 (cotyledons) is a highly reliable method (53).
F, THE ROLE OF BLOOD AND CERTAIN ENDOCRINES 
AS RELATED TO EFFECTS OF CLIMATE ON 
REPRODUCTION
Blood serves as the medium for transporting all nutrients to dif­
ferent organs of the body as well as to individual cells of the animal 
body. Thus, information on levels and interrelationship between environ­
mental factors and differences in blood composition, endocrine activity 
and reproduction is of fundamental interest.
1. Blood
Blood is composed of a fluid part termed as plasma and corpuscles, 
or cells which float in the plasma. Three classes of blood cells are 
recognised; erythrocytes or red blood cells, leucocytes or white blood 
cells, and thrombocytes or platelets.
a. Erythrocytes and envirflwiifnM l  temperature relationship
Brody (25) by studying two groups of Jersey and Holstein cows, one group
maintained at air temperature of 50° - 60°F and the other subjected to 
systematically increasing air temperatures from 50° - 100°F, found no 
significant differences in red blood corpuscle (RBC) counts. Garner and 
Unsworth (46) found a decrease in red blood cells during the summer in 
Nigerian cattle. Walshe and associates (145) found no significant cor­
relation between temperature and RBC count. Brody (25) did not find any 
difference in cattle red cells attributable to cold climatic conditions,
b. Hemoglobin and environmental temperature relationship 
Under thermal stress in cattle Bpody (25) found no significant dif­
ferences in hemoglobin levels. However, Manresa et al. (84) found a 
negative correlation between hemoglobin level and atmospheric temperature 
of 0.23 in Indian Nellore pattle. Other investigators (85) found a cor­
relation of -0,18 between h°dy temperature and hemoglobin level.
Studies of Philippine native cattle showed no correlation between hemo­
globin level and body temperature, but a negative correlation between 
hemoglobin level and atmospheric temperature was found (86). Garner and 
Unsworth (46) found a decrease in hemoglobin level during summer in 
Nigerian cattle. Mullick (93) observed lower hemoglobin values in cattle 
and buffaloes in India during the rainy season than during the dry 
season. Patterson et al_. (106) found a slight decrease in hemoglobin 
levels in Jersey and Holstein cows in summer. Rusoff (121) found no 
seasonal trend in hemoglobin levels of cattle in Louisiana. Walker (144) 
reported significantly higher hemoglobin levels in mature tropical breeds 
than two imported temperate breeds.
Manresa et al. (83) reported higher hemoglobin values in two native 
Philippine breeds of cattle than two imported temperate breeds, and 
lower values for the latter breeds than are usually found in these same 
breeds in cooler climates. Walshe gt, al. (145) found no significant
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correlation between ambient temperature and hemoglobin values of cattle.
Brody (25), in cool conditions, found no significant differences 
in cattle hemoglobin levels. Hannon et. al. (60) reported an increase in 
rat blood hemoglobin when subjected to lower temperatures,
c. Cell packed volume and environmental temperature
Johnston et al. (68) found decreases in erythrocyte volumes in heifers of 
the Jersey and Holstein breeds and in Red Sindhi X Holstein crossbreds 
from 1.19 to 0.89, 1.34 to 1.00 and 1.36 to 1.06 liters per kg body 
weight, respectively, when exposed to 60° - 70°F and 75° - 95°F tempera­
tures in climatic chamber. Brody (25) found no significant differences in 
hematocrit values in Jersey and Holstein cows. Dale et al.(34) exposed 
mature cows to four diurnal temperature rhythms of 10° - 40°, 40° - 70°, 
60° - 110°, and 70° - 100°F. The hemoglobin values remained relatively 
constant in lactating Holsteins and Jerseys, but in dry Jerseys there was 
a decrease in average hematocrit values from 45.9 to 36.27. upon shifting 
from the coolest to hottest conditions.
Malchoir and Bateman (82) found correlations between hematocrit and 
respiration rate and between hematocrit and rectal temperature of -0.51 
and -0.74, respectively, in cows subjected to 35°C dry bulb temperature 
and 25 mm. Hg. vapor pressure. Rusoff (121) reported no evidence of 
seasonaL trend in hematocrit values, but he found significant higher hema­
tocrit values in Jersey X Sindhi daughters than for their Jersey dams. 
Weldy et. al. (150) kept Holsteins in a psychrometric chamber for alter­
nating 2-week periods at 90° and 70°F with 607. relative humidity, while 
pair-mates were kept under the prevailing ambient temperatures (40° - 
78°F). Blood cell volume declined during the first week at 90°F, rose 
the second week, and returned to initial levels in the 70°F interim period. 
Controls showed no significant changes. Cell volume showed significant
24
relationship with rectal temperature (r * -0.21).
Brody (25) and Rusoff (121) reported no change in hematocrit levels 
in cool climates. Dale and associates (34) found an increase from 36.2% 
to 45.9% in cool temperatures.
d. Blood platelets and environmental temperature relationship 
Thrombocytes in bovine blood appear as rosettes of prominent reddish 
purple granules enclosed in a delicate membrane. The individual throm­
bocyte is usually small, but giant forms up to the size of red blood 
cell may be seen. They often occur in small clusters or loose groups, 
or individual thrombocytes may be superimposed on erythrocytes. The 
platelets are concerned in homeostasis and thrombosis. Thus far, no 
relationship between environmental temperature and platelets has been 
described in cattle.
e. Leucocytes and environmental temperature relationship
The term leucocyte includes all white blood cells and their precursors. 
These are lymphocytes, monocytes, neutrophils, eosinophils and basophils.
Stress in animals has been observed to cause marked changes in the 
total number of white blood cells, with a decrease in percentage of some 
and an increase in others. Leucocytes have been studied rather extensive­
ly in man and laboratory animals, and the experimental results have indi­
cated certain characteristic responses of these cells to different stress 
producing agents.
Thompson et al, (139) observed eosinophilia in Holstein heifers when 
they were exposed to hot conditions. Romach and associatejB (119) reported 
a significant mean difference between seasons in total number of WBC and 
in the number and percentage of lymphocytes, neutrophils and eosinophils 
in swine. Schultz (124) reported highest eosinophil counts in fattest 
calves.
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2. The Blood and Estrus in Cattle 
Blood examination might contribute significantly to a better under* 
standing of the estrous cycle. Moberg (90) has reported a tendency towards 
lymphocytopenia, and eosinophilia as well as neutrophilia during estrus 
in heifers. j
In humans, studies (104) of the behavior of certain formed ele­
ments of the blood have demonstrated definite changes in the levels of 
platelets and eosinophilic leucocytes during th^ normal menstrual cycle. 
Ovulation is usually associated with a distinct short-lasting thrombo­
cytosis during the mid-cycle, whereas thrombocytopenia occurs during 
menstruation. Levels of eosinophils usually are depressed during 
mens truation.
3. The Endocrines 
The endocrine system is an integral, part of the physiological 
mechanisms involved in the response of animals to stress. Hormones can 
induce stress and correlated physiological changes. A measurement of 
these changes provides a means of determining the ability of the animal 
to compensate for unfavorable conditions. Variations in responsiveness 
may be related to differences in levels of performance, and, consequently, 
may provide a good means of predicting the merit of productive and 
slaughtered animals,
a. Thyroids
The thyroid gland is situated on the anterior part of the trachea near 
the junction with the larynx.
(1) Distribution and transport of triiodothjaVKmine and thyroxine:
Nadlex (94) reported that the synthesis of the thyroidal hormones takes 
place in the colloids of the follicles of the thyroid glands. Taurog et 
al. (138) reported triiodothyronine to be more readily detectable than
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thyroxine in the thyroid vein. Triiodothyronine was found to be present 
at levels of 10 - 20% of the thyroxine In the peripheral circulation and 
in the thyroid vein. Both are generally present in higher concentrations 
in the thyroid vein than in the carotid artery, indicating that thyroxine 
and triiodothyronine are secreted by the thyroid glands into the general 
circulation. Rail ££ al.(113) stated that both these are bound to a 
specific alpha globulin just ahead of alpha -2- globulin. However, 
triiodothyronine failed to interfere with the association of the thyroxine 
with alpha -2- globulin, regardless of the concentration of the latter.
Van Arsdel et al. (143) shoved the concentration of triiodothyronine 
much lower than that of thyroxine in the plasma and generally lower in 
the liver of animals. Keating and Albert (73) suggested the functioning 
tissue hormone to be the triiodothyronine.
(2) Relative potency of the thvrold hormones; Hatfield et al. (62) showed 
greater concentration of L-thyroxine and L-triiodothyronine in organs such 
as brain, heart and muscle. This supports the concept that physiological 
potency in vivo is dependent largely on the distribution of the hormone 
Anderson (4) reported l-triiodothyronine to be 5 to 10 times as active as 
dl-thyroxine; however, dl-thyroxine appeared to exert a more prolonged 
effect in suppressing the release of iodine 131 from the thyroids. Lerman 
(31) showed L-triiodothyronine 4 to 5 times as active as thyroxine physi­
ologically. Premachandra et al. (109) reported triiodothyronine to be 3 to 
5 times as active as thyroxine in dairy cattle. Gross and Pitt-Rivers 
(50) offered corresponding evidence that 3:5:3* L-triiodothyronine posses­
sed 5 to 7 times the activity of L-thyroxine as measured by the goiter 
prevention test in rats. These workers suggested L-triiodothyronine to be 
the peripheral thyroid hormone and thyroxine was Its precursor.
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(3) Thyroids and reproduction: The thyroid glands appear to be intricately
linked with reproduction, and this relationship has created considerable 
interest. However, the precise role that it plays, has not been eluci- 
dated; and, thus, it still remains vague. Therefore, further study of 
this phenomenon would appear to be justifiable.
Barker (11) reported that thyroid hormones are necessary for: the 
maintenance of fertility in ovulating mammalian forms, maintenance of 
uterine contents during pregnancy, broad aspects of developments in young 
animals and for metamorphosis in lower animals. Spielman et ajL. (131) 
obtained the birth of three normal calves from three thyroidectomised 
cows. They also reported the absence of physical manifestations of estrus 
in females and male breeding behavior in thyroidectomised animals, though 
production of fertile ova and sperm occurred. Parret et al. (103) found 
69% reduction of fertility in animals with severe thyroid deficiency.
This appears to be directly related to the absence of circulating thyroid 
hormone. Hammet (37) postulated that there was no specific relationship 
between the growth of the reproductive system of either sex and thyroid 
activity. He believed that growth retardation is c|ue to general meta­
bolic disturbances associated with hypothyroidism. Hall et, al. (55) con­
cluded that thyroidal activity per se apparently had no seasonal relation­
ship with the incidence of anestrus.
(4) Environmental temperature and thyroid status: A considerable body of 
information is available in the literature (16, 49, 64, 67) on effects of 
environmental temperature on thyroid activity. Premachandra and associates 
(110) stated that a threefold decrease in thyroid secretion rate occurred 
in cattle during the summer, and, on an average, a threefold variation 
occurred in thyroid secretion rate between individuals during the same 
season. Hoersch et al. (64) reported that decreasing ambient temperature
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from 90° to 50°F induced a threefold and a significant increase in thyroid 
secretion rate. Johnson and Ragsdale (67) reported a decrease in thyroid 
activity at 80°F in dairy heifers. Griffin et al. (49) shewed seasonal 
variation to be 4 to 5 times as high in winter as in summer. Blincoe and 
Brody (16) reported an increase in ambient temperature above 95°F decreased 
thyroid activity 30 - 607., while decreasing temperature to 17°F increased 
thyroid activity from 60 to 1007.. Thompson and associates (139) reported 
a decrease in thyroxine turnover rates and PBI values under hot climatic 
conditions.
(5) Methods of estimating thvroid activity: For a number of years a
variety of methods has been used for estimating the thyroid status, but 
none of these has met with complete success. The following review may 
indicate a need for a more satisfactory technique.
Recently, Guidry (51) has compared five methods of estimating thyroi­
dal activity, namely, estimated thyroxine secretion rate, thyroxine secretion 
rate (substitution), thyroxine utilisation rate, serum protein bound iodine 
(FBI), and metablic heat production. He concluded that the thyroxine 
secretion rate (substitution) method was the most desirable for determin­
ing thyroid function in dairy cattle.
Changes of total blood iodine, weight of thyroid gland, iodine con­
tent of the thyroid, comparative height of cellular epithelium and other 
methods have been compared by Baser (12).
Hamolsky et al. (58) reported the use of a new in vitro method invol­
ving the uptake of radio-L-triiodothyronine by the erythrocytes. Theo­
retically, maximum uptake occurs only after the thyroxine binding loci of 
the alpha globulins and albumins of the plasma proteins have become
saturated and the erythrocytes have bound the remaining hormone. This
thepry has been substantiated by the work of Peiss (36), Albright et al.
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(2), Frienkl et al. (44), Crispell et al. (32), Hamolsky et al. (58),
Delss (37), and Torogoyco et al. (141). This procedure Is the most accu­
rate for estimating the qualitative thyroid status at the time of maximum 
uptake of radio-L-triiodothyronine by the erythrocytes,
b. Adrenal glands
The adrenal glands are paired crescentic structures located in the retro­
peritoneal tissue along the cranial end of the kidney.
(1) Adrenals and reproductions The determination of the role of adrenal 
hormones in reproduction has been complicated by the relative short survi­
val period of the adrenalectomized animals. Weber et al. (149) described 
the occurrence of extra-medullary myelopoiesis in the cortex of the 
adrenal. Many cows were infertile. Cupps et al. (33) studied adrenals of 
cows with different types of infertility. They noted narrowing of the 
fa8ciculata, shrinkage of cells of reticularis, and a high incidence of 
extra-medullary myelopoiesis. However, Greenstein and Folley (48) found 
no relation of myelopoiesis with fertility or pregnancy in cattle.
Garm (45) suggested the cause for nymphomania in dairy cattle to be 
the insufficient secretion of leutinizing hormone and the persistence of 
ovarian follicles resulting in a prolonged production of estrogen. This 
estrogen stimulates anterior pituitary to cause increased secretion of 
ACTH which, in turn, stimulates the observed increase in adrenal weight. 
Under the influence of estrogen zona glomerulosa secretes mineralocorti- 
coids causing relaxation of the pelvic ligaments. “
(2) Adrenals and ambient temperature; A striking feature of the adrenals 
is their richness in cholesterol and ascorbic acid. Stress accelerates 
adrenal cortex secretions, with corresponding depletion of the secretion 
precursors, cholesterol and ascorbic acid (17). If the animal is severely 
affected by hot conditions, adaptation will be reflected by an increased
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adreno-cortical secretion rate. An adreno-cortical stimulation would aid 
the stressed animal (139) in the maintenance of homeostasis but might re­
sult in reduced productivity. Thompson et al. (139) have reported a 
Significant increase in the secretion of 17-hydroxycorticosterone levels 
in blood plasma.
Nature places a premium on fitness, and by consistent pressures 
develops strains or species fitted for survival under existing conditions. 
It would appear that a satisfactory measure (s) of an animals physiologi­
cal distress, in addition to productivity, should assist in the develop­
ment of heat tolerance. So far, body temperature (87) has been considered 
as the most readily measurable and most often used expression for adapt­
ability. Recently, it has been claimed that a climate which is severe 
enough and stressful to cattle causes reduced thyroid gland activity and 
adrenal cortical stimulation (116, 117). The increased blood plasma 
glucocorticoids help the stressed animal to maintain homeostasis. Thus, 
a simultaneous assessment of adrenal cortical and thyroxine secretion 
rates concurrently with other physiological Indices such as body tempera­
ture, and respiratory activity in animals may provide a better measure of 
adaptability.
V
(3) Methods of estimating adrenal status: According to Turner (142) the
two chief glucocorticoids secreted by bovine adrenals are hydrocortisone 
and corticosterone in a ratio of 1:1. Hydrocorticosterone is the natural 
hormone secreted by cattle when stimulated by ACTH.. For 17-hydrocortico­
sterone, Porter-Silber color reaction method (108) is used. Here the 
extent of color developed is proportional to the amount of steroid 
extracted.
A most striking action of glucocorticoids is to decrease tt|e number 
of eosinophils (65) and lymphocytes in the peripheral circulation. The
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magnitude of eoslnopenia (139) is proportional roughly to the amount of 
hormone in the blood. This is the most sensitive method for the bioassay 
of adrenal cortical stimulation. The eosiuopenia may be due to the 
inhibition of bone marrow which may prevent this proliferation and release. 
The hormones may cause the eosinophils to segregate in such organs as the 
spleen and the lungs. Also, the hormones may exert a destructive effect 
on formed eosinophils after they enter th^ body fluids.
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G. GENERAL SUMMARY OF REVIEW OF LITERATURE
Problems of the control of fertility and sterility are of great 
practical importance. The increase of fertility and the elimination of 
sterility from our studs, flocks, and herds are of enormous importance to 
the livestock industry. Recently, the cow rather than the bull has been 
shown to be the major contributor to the lowered seasonal fertility. 
Lowered fertility has been reported to be due to thermal stress. Stress 
is a non-specific action occurring in a biologic system. Environment, 
particularly ambient temperature, is a determinant factor in the pro­
duction and reproduction of farm animals all over the world. In various 
regions where extreme heat or cold may prevail during much of the year, 
the dairyman is confronted with difficult production problems. These high 
and low environmental temperatures are systemic stressors which evoke a 
particular group of changes in the biological characteristics of homeo- 
therms. In cattle, these particular changes constitute the "stress".
Long exposure to cold or heat may allow compensation for the thermal 
induced changes. The animals may restore the biological displacements 
that occurred at the beginning of thermal exposure and may be able to 
withstand a thermal environment more severe than the one in which they 
were reared.
Anestrus and repeat breeder cows still plague cattlemen. Through 
technological advances in microclimates, studies in ewes have shown great 
losses due to fertilization failure, embryonic mortality and reduction in 
lambing per cent. Recently cessation of estrous cycle has also been 
reported in heifers, though the follicular formation continued without 
maturation and ovulation. There is no evidence of harmful effects of cold 
ambient temperatures either on production of ova or on sperm in farm
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animals. Several studies have shown depression of growth in farm animals 
due to thermal stress. Other physiological responses also have been 
studied.
Body temperature follows a biphasic curve during the estrous cycle. 
Nutrition may have a great impact on the effects of climatic stress in 
relation to reproduction in farm animals. Recently, estrous cycle regu­
lation has been shown to be controlled by hypothalamus produced neuro­
humors. The cytologlcal and histological changes occurring in cervical 
mucus smears on drying have been reported to vary in accordance with the 
changes in estrous cycle. Rectal palpation remains the most effective 
tool for detection of ovarian activity and pregnancy in large animals.
Blood serves as the chief transporting medium for all nutrients to 
all individual cells of the animal body. Studies conducted at different 
research stations in the world show variable results in reference to 
tanperature relationship and erythrocytes, hemoglobin, and hematocrit. 
Platelets with respect to ambient temperature have not been studied in 
cattle. Temperature changes have been observed to cause marked altera­
tions in the number of total NBC, with a decrease in some and an increase 
in others. So far, only one study has been reported showing eosinophilia, 
neutrophilia and lymphocytopenia during estrus in heifers. In humans, 
ovulation has been reported to be associated with a short-lasting 
thrombocytosis, and menstruation with thrombocytopenia.
Recently, the role of endocrines and their integration in the 
maintenance of homeostasis have been considered as essential and funda­
mental, The thyroid has been considered as the general metabolic regu­
lator for cellular reactions. The thyroid activity has been reported to 
be considerably depressed by thermal stress. So far, its precise role in 
reproduction has not been elucidated; evidence is conflicting. One aspect
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of it may be due to lack of precise and accurate methods of estimating its 
status. The adrenal gland plays an important part in maintenance of 
homeostasis; however* its role in reproduction has been complicated by 
short survival of adrenalectomized animals.
To attain the highest degree of reproductive efficiency, each cow 
must come in heat. Detection of heat is the most important single factor, 
which becomes difficult and most acute during thermal stress and less 
intense during cold temperatures. Very little information is available on 
ovarian activity and climatic stress in cattle. This study oriented 
particularly toward ovarian activity may help to elucidate some of the 
unexplained facts and causes of reduced fertility or infertility in cattle 
during periods of climatic stress as well as under normal environmental 
conditions.
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III. EXPERIMENTAL METHODS AND MATERIALS
A. STATEMENT OF THE PROBLEM
In the economy of dairy cattle production, there is no factor more 
important than that of fertility. The maintenance of a satisfactory re­
productive efficiency (fertility) is basic to any cattle breeding program, 
beef or dairy cattle. Research results to-date (21) indicate that the 
greatest progress in improving the fertility of cattle can be made when 
considerably more emphasis is placed on improving feeding and management 
practices than on any selective breeding program directed at improving 
the heredity of fertility.
In an artificial insemination program, propter checking and report­
ing heat periods in cows, timing of the service or insemination during 
the heat period and after calving, and controlling diseases are most 
important. Although a considerable body of knowledge on the physiology 
of reproduction in cow has been accumulated, such fertility problems as 
anestrus and repeat breeding continue to plague the cattlemen.
The average calf crop in many beef cattle herds in the southern 
states in recent years has been 637., when 80 - 907. or even higher calf 
crops should be obtained (13). Dairymen average about 1.83 services per 
conception, and about 10 - 157. of their cows and heifers show one or more 
anestrus periods following calving, causing delayed breeding. Also, non­
breeding constitutes one of the major causes for culling from dairy herds. 
In anestrus, detecting heat periods may be a problem. This might even 
become more complicated as a result of sudden exposure of animals to hot 
summers, especially in southern states. The primary method —  and about
the only one available to the dairymen —  of checking heat is observing 
the herd twice or more daily for cows and heifers that stand when mounted 
by other cows. Accurate methods of detecting heat other than this physi­
cal method would be quite helpful. The second would be to adapt the 
utilization of this basic information on ovarian activity and growth 
patterns into management, data processing, and other schemes which con-, 
tribute to more efficient use of selection with respect to fertility.
This type of research oriented around fertility of dairy cattle 
would also serve the dual function of contributing to the basic- scientific 
knowledge and basic segment of the agricultural economy of the country.
B. EXPERIMENTAL ANIMALS
The animals used in this study were 10 virgin Holstein heifers from 
the Louisiana State University herd ranging in age from 12 to 15 months at 
the initial stage of the experiment. The identification number, sire, 
date of birth, initial body weight, height at withers and body length 
of heifers are given in Table 1.
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TABLE 1
Criteria concerning the Holstein heifers by groups 
at the beginning of the experiment
Chain 
tag, no,
Code no. 
of sire
Date of 
birth
Body
weight (lb)
Height at 
withers (cm)
Body
length (cm)
Group I
633 2027 12- 1-61 723 121.5 119.5
637 2030 12-23-61 561 115,0 116.0
641 2030 2-13-62 524 113,5 114.0
643 2022 3-14-62 548 118.0 112,0
644 2024 3-15-62 610 119.0 113.0
Average 593 117,4 114.9
Group II
631 2021 11-26-61 705 121.0 115.0
636 2023 12-21-61 653 121.5 116.0
638 2022 1-16-62 570 114.0 115.0
642 2027 2-24-62 658 121.0 115.5
647 2029 3-17-62 557 112.5 114.0
Average 629 118.0 115.0
C. FEEDING AND MANAGEMENT
The experimental heifers were fed 18% crude protein pelleted con­
centrate mix, silage and alfalfa hay as a ration in amounts that fur­
nished approximately 120% of their requirements for growth and maintenance 
according to Morrison's (91) standards. Salt and water were available to 
all animals ad, libitum.. Half of the concentrate mix was fed in the morn- 
ing and half in the evening. Grain and alfalfa hay were fed at the rate 
of 6 lb. per heifer daily. Silage, primarily corn silage, was fed ad 
libitum- This averaged about 15 to 20 lb. daily.
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Manure and wet bedding from each stall were removed daily in the 
morning and evening.. All the heifers were scrubbed and washed daily to 
keep then clean* The stanchion barn and psychrometric chamber were bed* 
ded with begasse daily in the morning.
D. EXPERIMENTAL DESIGNS
1. Facilities
In this experiment use was made of the facilities of the climatic or 
psychrometric chamber of the Department of Dairy Science, the radioiso­
tope laboratory of the Department of Animal Science, the Nuclear Science 
Center and the pathology and hematology laboratories of the Department of 
Veterinary Science on the Louisiana State University, Baton Rouge campus. 
The psychrometric chamber has been described previously by Guidry (54).
2. Climatic Conditions
During Period 1, the climatic conditions were the actual or natural 
spring weather conditions prevailing at Baton Rouge. Throughout \the 
experimental Periods 2 and 3 an attempt was made to maintain the psychro­
metric chamber at the schedule of air temperatures and vapor pressures as 
shown under schedule of treatments in Table 2. This intended schedule was 
followed rather closely." Although air velocity was not measured in the 
psychrometric chamber, from observations it would appear that the air 
movement was not comparable to that of outside conditions. In Period 3 
Group 2 was subjected to ambient Baton Rouge natural summer conditions 
in an open-stanchion barn, while Group 1 was air conditioned as shown in 
Table 2.
The artificial lights in the psychrometric chamber were turned on 
between 5:30 a.m. and 6:00 a.m. and off at between 7:00 p.m. and 7:30 p.m. 
The amount of natural light reaching the heifers in the chamber; was
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negligible.
3. Schedule of Treatments 
Prior to the initiation of the experiment all heifers in the 
University herd between 10 and 15 months of age were observed for at 
least two regular estrous cycles. Out of those heifers having regular 
estroua cycles, 10 Holstein heifers between the ages of 12 and 15 months 
were selected at random. All of these heifers were paired in two groups 
of five each at random. Thus, the design of the experiment was completely 
randomized. The schedule of treatments as shown in Tables 2 and 3 was 
strictly followed,
TABLE 2 
Schedule of treatments
Period
number
Time Group
1
Group
2
Treatments
1 Feb. 19 - May 9, 1963 1 2 Standardisation(a
2 May 10 - July 8, 1963 1 2 Hot conditions (b
3 July 9 - Sept. &, 1963 1 - Air conditioning (c
July 9 - Sept, 6, 1963 ** 2 Hot condition (outside)d
a) Standardization refers to the spring weather (outside) conditions
in an open stanchion bam.
b) See Table 3.
c) Air conditioning in Period 3 refers to 62° to 65°F D.B. conditions 
in the climatic chamber,
d) Hot natural summer climatic conditions in an open stanchion barn.
I
TABLE 3
Diurnal cycle of air temperatures end vapor pressures maintained during
period A in the psychrometric chamber.
Time Temperatures
D.B. W.B.
Vapor Pressures
(hour) CP) CF) (mm. Hg.)
0608*1000 85 75 20
1000-1600 95 85 28
1600-2200 85 75 20
2200-0600 75 70 18
E. COLLECTION OF DATA 
The schedule for the collection of data is given in Table 4. The 
procedures include studies on ovarian activity, including heat checks, 
growth studies and adaptive phase of the study.
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TABLE 4 
Collection of data
Name of the Item Timings of the study
study
1. Reproduction 1. Heat checks 
(ovarian activity)
11. Body tempera­
tures
ill. Cervical mucus 
collection
iv. Rectal
Palpation
v. Blood sampling
a. Cellular 
elements
b. Adrenal status
c. Thyroid status
2. Growth Patterns i. Body weights
11, Body measure­
ments
3. Adaptive Phase 1. Adrenal status
II, Thyroid status
III., Body tempera­
tures
Daily at 0600 and 1600 hrs* 
for 20-30 minutes
1.3.6.13 and 19th day of 
estrous cycle of second 
month of each period at 
0545 - 0645
1.3.6.13 and 19th day of 
estrous cycle of second 
month of each period
1.3.6.13 and 19th day of 
estrous cycle of second 
month of each period
1.3.6.13 and 19th day of 
estrous cycle of second 
month of each period and at 
the end of each month of each 
period
At the beginning and end of 
each period and thereafter 
at fortnightly intervals 
throughout the experiment
At the beginning and end of 
each period and thereafter 
at monthly intervals
As in v (b)
As in v (c)
At 1,4,7,10,13,16,23 and 30th 
day of the first month and 
then at the end of the respec­
tive periods, twice dfily, 
early morning at 0545 - 0645 
and afternoon between 1600- 
1700 hours and three times 
during Period 2 at 0545, 0945,1545
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F. PHYSICAL AND CHEMICAL MEASURES OF RESPONSE
1. Reproduction (Estrous Cycle)
a. Duration of estrus
Systematic heat checks were made twice daily. During the time the cows 
were turned out into the exercise lots they were carefully observed for 
estrus for a period of 20 to 30 minutes at 0600 and 1600 hours. Each 
observation was scored for intensity of estrus and recorded on daily 
observation sheets along with pertinent remarks on the general behavior 
and physical manifestations of the animal. After the first estrous 
cycle, "heat expectancy" lists were used as a guide in the detection 
of heaf* Within a difference of + 5 days of the "expected" day of heat, 
the animals were observed more closely than usual.
b. Intensity of estrus
The score system as outlined in Table 5 was adopted in indicating the 
intensity of estrus.
TABLE 5
Score system for intensity of estrus
Score Characteristics of estrus animals
1. Thin glairy vaginal mucus discharge, nervousness and an unusual 
interest in herd mates but would not mount or stand when mounted.
2. Increased amount of vaginal discharge, considerable excitment and 
mounting of other females but would not stand when mounted by 
other animals,
3. When animal exhibited only "standing heat".
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c. Anestrus
Estrous cycles following the climatic exposure during each experimental 
period or even sometimes within the period which were longer than 
"normal" cycles were considered to include anestrus periods* In this 
study the "normal" cycle range was considered to be from 17 - 25 days.
2. Body Temperatures 
Rectal or body temperatures were recorded according to the schedule 
given in Table 6.
TABLE 6
Schedule for body temperature measurements
Adaptive phase 
Davs of each oeriod time
Reproductive stave
Days of estrous 
cvcle time 
A • nufirst month second month a ,m. p.m. second month of 
each oeriod
1 6:30 4:20 1 6:30
4 6:30 4:20 3 6:30
7 6:30 4:20 6 6:30
10 6:30 4:20 13 6:30
13 6:30 4:20 19 6:30
16 6:30 4:20
23 6:30 4:20
30 30 6:30 4:20
3. Cervical Mucus 
The cervical mucus was aspirated by means of plastic insemination 
catheters with.the help of rubber bulbs attached to the one end of the 
catheter. The passage of the catheter was facilitated by having one 
hand in the rectum during the passage of catheter through the vagina 
into the cervix. This was done with as great precautions as possible,
A smear was prepared as,thin as possible on the clean glass slide 
from the already collected mucus in the catheter. This smear was dried
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at room temperature. The labelled slide was taken to the laboratory as 
soon as possible for Its histological examination.
4. Blood Sampling and Measures of Characteristics of Blood 
Blood samples were obtained by veni-puncture of the jugular vein 
with a 14-gauge needle. The needle was first introduced through the 
skin and then into the distended vein and the blood was collected to 
the desired level directly into the test tubes containing EDTA-F as an 
anticoagulant. Excellent results on blood morphology have been claimed 
with this anticoagulant (100). All blood samples were obtained under 
complete aseptic and antiseptic conditions before feeding and washing 
the animals. The blood samples were used for morphological examination 
within 1-6 hours, and for thyroid activity measurement preferably within 
3-6 hours. The blood was collected according to the schedule given in 
Table 4.
S. Enumeration of erythrocytes and platelets
The enumeration of erythrocytes was carried out as outlined by Benjamin 
(15) and Wintrobe (152).
Platelets counts were made directly by enumerating them in a 
counting chamber according to the method as outlined by Benjamin (15) 
with certain modifications which deemed necessary by employing Rees and 
Ecker diluting fluid. The method followed is given below:
i. Aspirate diluting fluid into the bulb of a RBC diluting pipette 
to moisten it, then expel the excess fluid.
Rees and Ecker Fluid:
Sodium citrate 3.8 gm.
Formaldehyde, 40% 0.2 ml.
Brilliant Cresyl blue 0.1 gm.
Distilled water 100.0 ml.
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This solution was filtered and stored in the refrigerator and filtered
before use but after one month it was discarded and a new solution was
prepared.
ii. Draw EDTA-P blood up to the mark 0.5 followed by diluting 
fluid up to the mark 101.
iii. Shake pipette for 5 - 10 minutes in pipette rotor or pipette 
shaker and then keep the charged counting chamber in a moist chamber for 
the thrombocytes to settle for at least 15 - 20 minutes.
iv. Count the platelets in the entire central ruled area on each
side of the counting chamber with partially reduced light.
v. Multiply total number of thrombocytes counted, by 1,000 to 
calculate the total number of thrombocytes per cu. mm.
Erythrocytes can be counted in the same central ruled area.
b. Total leucocytes
The conventional method as outlined by Schalm (100) and Wintrobe (152) 
by employing 37. acetic acid as a diluting fluid, was used to calculate 
the total number of leucocytes per cu, mm. of blood.
c. Hemoglobin determination
Cyan-methemoglobin method as recommended by benjamin (15) and Wintrobe 
(152) was followed to give the least possible error as low as + 2% only. 
The principle of this method is that ferricyanide converts hemoglobin 
iron released from laked erythrocytes from the ferrous to the ferric 
state to form methemoglobin, which then combines with potassium-cyanide 
to produce the stable pigment, cyapmethemoglobin. The concentration of 
the latter compound in the solution is directly proportional to the 
optical density. All these reagents axe present in Drabkin's diluent 
solution, used in this method.
■t
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d. Hematocrit estimation
The packed cell volume was determined in the especially designed capillary 
tubes by a method known as "microhematocrit", which makes use of a high 
speed international centrifuge and this reduces the time required foT 
complete packing of the erythrocytes* The hematocrit value in the capil­
lary tube was determined by the use of a graphic reader (15).
e. Differential counting of white blood cells
For blood smear preparation the slide method as outlined by Benjamin (15) 
was adopted. Staining was done by Giemsa's stain and for differential 
leucocyte counting of the stained film, the "battlement" method was 
followed. This method takes into account three horizontal edge fields 
followed by two fields toward the center (so as to give three vertical 
fields) followed by two fields in the vertical direction to reach the 
edge again under oil immersion magnification.
5. Growth Patterns
Each heifer was weighed on the first day of the experiment. All 
weighings subsequent to this were made at the beginning and end of each 
experimental period before grain and hay were fed in the afternoon, 
otherwise at fortnightly intervals, as outlined in Table 4. Bpdyweights 
were recorded to the nearest of a pound.
Body measurements, height at withers, body length (from withers to 
pins) were taken before grain and hay feeding in the afternoon at the 
beginning and end of each experimental period, other than at monthly 
intervals throughout the course of this study.
6, Thvroid Status
The thyroid gland, an endocrine which is thought to be a regulator 
of general metabolism, plays an important role in normal body functions. 
Physiological studies require measurement of thyroid activity quite
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frequently. An in vitro technique using radio-L-triiodothyronine (Tg) 
uptake by red blood corpuscles to determine thyroid functional capacity 
was used in the present investigation. The following procedure as de­
vised by Hamolsky et al. (58) with certain modifications was used:
i. Collect 15 ml. of jugular blood as outlined under blood sampling.
ii. Add 0.1 ml. of dilute radio-L-triiodothyronine (diluted on each day,
freshly; 100 times depending on the specific gravity of the original 
solution), to a 5 ml. of blood in a 10 ml. flask.
iii. Stopper the flask firmly and incubate the sample for three hours in
a water-bath maintained at 37°C. Shake the flask at the end of each 
hour to inpure proper mixing.
iv. At the end of three hours pipette 1 ml. of blood into each of the 
three counting tubes in order to make triplicate determinations on each 
sample of blood.
v. Measure the radioactivity in each tube using a well type scintil­
lation counter with a sodium crystal attached to the scaling unit.
vi. Add 10 ml. of 0.85 N. Saline (0-2°C) to each tube and centrifuge for 
10 minutes at 3,500 r.p.m. and remove the supernatant plasma saline.
vli. Step number vi was repeated three times more.
viii. Measure the radioactivity retained by the erythrocytes as described 
in Step v.
ix. Determine packed cell volume by centrifuging 10 ml. of blood for 
30 minutes at 3,500 r.p.m.
x. Calculate the percent uptake of Tg by the use of the following 
formula:
Per cent uptake ”
(Count of washed cells - background) (100/hematocrit) x 
(Count of whole blood - background)
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7. Adrenal status
Adrenal status was measured by enumerating the eosinophils. The 
direct counting of eosinophils was carried out by employing the Pilot's 
solution (105), as outlined by Benjamin (15). In this method Propylene 
Glycol is used as a vehicle. This renders the red blood corpuscles re­
latively non-refrectile and invisible, acts as a vehicle for the stain, 
and, being viscous does not evaporate quickly. By the use of small 
amount of sodium carbonate all leucocytes, other than the base resistant 
eosinophils, are lysed. Phloxine stains these cells red.
G. STATISTICAL ANALYSES
All data were analysed by methods of analysis of variance and 
simple correlation, as outlined by Snedeccr (132). These data were 
based on actual values obtained during the experiment and their means. 
The general plan of the components of analysis of variance used here 
is given in Appendix Tables 1 and 2.
Chi-square method was also used in order to analyse these data.
The analysis of variance in Appendix Table 2 represents mucus score data 
only on five animals. Since one of the animals was In continuous 
anestrus during Periods 2 and 3 and four others were bred during Period
3. All reproductive data were based on the last thirty days of each 
period. The first thirty days of each period were considered as adjust­
ment phases.
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IV. RESULTS AND DISCUSSION
To facilitate discussion, the results of the studies reported 
herein will be presented in the following sections: reproductive 
responses, growth patterns of the heifers and adaptation phenomenon.
A. REPRODUCTIVE RESPONSES
1. Estrus
a. Duration of estrus
Duration of estrus, or the length of the heat period, is a very impor­
tant physical manifestation under practical dairy management operations 
since it determines the frequency of observation for heat in a herd and 
may have some bearing on the incidence of clinical anestrus and fer­
tility results. Several investigators (7, 18, 21, 22, 57, 134, 135, 151)
have reported that hot climatic conditions and inadequate nutrition 
affect the duration of heat in cattle. However, none of these studies 
was conducted under controlled climatic and nutritional conditions. 
Therefore, the results presented in Table 7 on the duration of heat 
during the studies presented herein are of considerable interest* Both 
natural and controlled cool and hot climatic conditions were represented 
in these studies.
It will be noted in Table 7 that the average duration of heat
during Period 1 (natural spring climatic conditions) for both groups of
heifers was 20 hours as compared with 11 hours for the same heifers 
under controlled and cycled hot climatic conditions during Period 2. 
During Period 3 in which the two groups were separated, the average 
duration of heat was 20 hours for the heifers of group 1 under controlled
TABLE 7
Certain characteristics of estrous cycles
Period Range of 
estrous 
cycle 
length 
in days
Average 
length 
of estrous 
cycle in 
days
Mode
in
days
Range of 
duration 
of estrus 
in hours
Average 
duration 
of estrus 
in hours
Mode
in
hours
Average time oif metestrus 
bleeding in houra _
From the From the end of 
beginning estrual 
of estrual activity 
activity
1 19-24 20 21 18-36 20 18 51 41
2 19-45 25
(21)c
19 0-18 11 6 30 23
3a 21-26 22
(21)c
21 8-31 20 19 47 28
3b 19-36 21
(21)c
21 2-31 14 17 51 41
Entire
experi­
ment
19-45 23
(21)c
21 0-36 16 18 45 33
a Refers to the chamber conditions in Period 3
b Refers to the natural summer climatic conditions at the stanchion barn, outside the chamber
c Refers to the length of estrous cycle calculated after correcting the anestrus by substituting 
21 days cycle for all cycle lengths 25 days and above 25 days in length
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air conditioning in contrast to 14 hours for the heifers in group 2 that 
were kept under natural summer climatic conditions. It is of interest 
to note that the average duration of heat was the same for the heifers 
under natural spring climatic conditions as that of the heifers under 
air conditioning, and that both controlled hot climatic conditions and 
natural summer climatic conditions significantly (B4L0.01) depressed 
the length of the heat period. However, during Period 3, the heifers 
under natural summer climatic conditions seem to have made some adjust­
ments as reflected by the average duration of 14 hours as compared to 11 
hours under controlled and cycled hot climatic conditions. This is 
perhaps a part of the adaptation phenomena, which will be discussed 
later.
The results in so far as the average duration of heat of the 
heifers in the current studies under cool climatic conditions^ natural 
and controlled, are in good agreement with those reported by other 
investigators (8, 55, 56) for temperate climatic conditions. The 
results under controlled and natural hot climatic conditions, in general, 
confirm previous findings (5, 31, 96, 135, 151), in that these conditions 
depress the duration of heat even under good and adequate nutritional 
regimes. However, as pointed out previously, all of these studies were 
made under natural climatic conditions. In many instances, no doubt, 
there was an interplay between nutrition and climatic conditions. In 
contrast, the nutritional regime in the present studies was both control­
led and adequate for desirable growth rates of Holstein heifers. In 
view of these results, it is difficult to understand why Hall et al. (55) 
did not find any seasonality in duration of heat. Perhaps the different 
nutritional and climatic conditions may have been responsible. As 
pointed out by Hall et al. (55), the nutritional regime during their
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study was not considered to be entirely adequate.
The decrease in the duration of heat which occurs under hot 
climatic conditions from a physiological viewpoint, can be interpreted 
to be due to the stress phenomena. The climatic stress apparently 
causes a "shift" in the endocrine balance involving the pituitary, 
adrenals, thyroids and ovaries. The interplay of the hormones from 
these endocrines will be considered later. The shift in the hormonal 
output of these endocrines, apparently causes a depression in the 
duration and intensity of estrus in cattle.
From a practical standpoint, the duration and intensity of estrus 
which occurs under hot climatic conditions as reported herein, neces­
sitates certain managerial considerations. Observations for estrus need 
to be made more frequently under hot climatic conditions than under cool 
conditions. Otherwise, as will be shown later, the incidence of clini­
cal anestrus will be higher under hot than under cool climatic conditions. 
Many of these animals may have been in estrus but were not observed be­
cause of short duration and low intensity of estrus. Therefore, as 
recommended by Hall e£ al. (55), observations for estrus in cattle should 
be made as frequently as three times daily for best results. More fre­
quent observations might be beneficial though not always practical and 
economical. This is particularly true for night time observation,
b. Intensity of estrus
Although no statistical analysis has been made of the intensity of estrus 
scores obtained during these studies, it was apparent that the intensity 
of estrus varied with the climatic conditions. In general, under cool 
climatic conditions, both natural spring and air conditioning phases, 
the intensity of estrus was greater than under hot climatic conditions.
In fact, some of the heifers failed to mount or stand when mounted by
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other heifers when in heat. The only physical manifestations of heat 
shown by these heifers under hot climatic conditions were cervical and 
vaginal mucus flow and slight nervous excitement. Rectal palpation re^ 
vealed that these heifers were in estrus. However, there were marked 
differences in the responses of those heifers under hot conditions.
As was the case with duration of estrus, the intensity of estrus 
affects management practices. More careful observations for estrus in 
cattle under hot climatic conditions than under cool climatic conditions 
should be made. Good use can be made of "heat expectancy" charts for 
animals involved,
c. The appearance of the vulva
As shown in Figure 4B, the rapid increase in the size of vulva was noted 
only on the day of heat, especially, the size of the lumen. There was 
well tumification and enlargement of the labia vulvae. A decrease in the 
size of vulva and lumen was observed following cessation of estrus 
(Figure 4C). These symptoms were not so marked on the day before estrus, 
as shown in Figure 4A. Estrus was accompanied by the discharge of con­
siderable amounts of a milky to clear colored gelatinous mucus from the 
vulva on the day of estrus. Cervical mucus will be considered later.
The above changes were more marked under cool climatic conditions, 
natural spring and air conditioning phases, than under hot climatic 
conditions.
These changes are in accordance with those reported earlier (53). 
The increase in the labia vulvae is due to the congestion/relaxation of 
the vulva as a result of increased concentration of estrogens, especially, 
on the day of estrus.
The enlargement of vulva which occurs during heat can be used as 
one of the aids in diagnosing estrus in heifers. However, it should be
m A B C
FIGURE 4, Vulval appearance during (B), before (A) and after (C) estrus
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emphasised that there are marked differences in animal responses which 
make it necessary fox close scrutiny,
d. Time of onset of estrus
The results summarised in Table 8 show that some relationship existed 
between the time of day and onset of estrus. During the entire experi­
ment, 76% of the estrual periods were observed during early morning 
hours (0600) as compared with 24% during the daytime hours (1600).
This difference was highly significant (P<0.01).
The results obtained during this experiment on time of onset of 
estrus are difficult to compare with those found in literature due to the 
fact of the nature of the design of this experiment. Available data in 
literature were all obtained under natural climatic conditions.
TABLE 8
Diurnal variation in onset of estrus
Hour observed Period Distribution
Number
of estrual periods 
%
0600 1 27 75.0
1600 1 9 25.0
0600 2 16 76.2
1600 2 5 23.8
0600 3a 9 69.2
1600 3» 4 30.8
0600 3b 11 84.6
1600 3b 2 15.4
0600 Entire Experiment 63 75.9
1600 Entire Experiment 20 24.1
a Refers to the chamber conditions in Period 3.
b Refers to the natural summer climatic conditions at the stanchion bam, 
outside the chamber.
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These results emphasize the importance of early morning obser­
vational period. Such a procedure might improve the breeding efficiency 
and thereby result in a more economical operation of the dairy herd, 
particularly under Louisiana conditions, where during hot summers the 
breeding efficiency of dairy cows is considerably reduced.
2. Estrous Cycle
a. Length of estrous cvcle
Normal estrous cycle is essential for the maintenance and perpetuation of 
optimum level of breeding efficiency and production efficiency in dairy 
and beef herds. Normal reproductive cycle is the result of synchroni­
zation of many physiological mechanisms. It will be noted from the data 
presented in Tables 7 and 9 that in Period 1 (base period) all of the 
cycles were within the range of 17-25 days. Thus, all cycles ranging 
from 17-25 days in length were classified empirically as "normal" within 
this experiment. During Period 2, 30% of the cycles were over 25 days 
in length. This difference was statistically highly significant (PCD.01), 
However, in Period 3a and 3^ no statistically significant difference was 
found. In Period 2, the average length was 25 days which was signifi­
cantly different (PC0.01) from others. The modal values in each period 
were approximately the same. The difference between the mean and modal 
values for length of estrous cycles, particularly during Period 2, 
suggest a skewed distribution. In fact, this was evident when a frequency 
distribution was plotted. Estrous cycles of 35-45 days were considered 
to be multiples of "normal" cycles which were not observed.
The modal values as shown for the "normal" and "abnormal" cycles, 
in Table 7 agree with modal values of 21 and 22 days reported by other 
workers (26, 29, 55, 99). A study was conducted in Beltsville (18) 
beginning September 1960 which showed no change in the average length
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TABLE 9
Percentage of normal and abnormal intervals between heats as determined 
from ovarian examination and physical manifestations of animal activity
Period Condition Heifers Intervals
% %
1 1* 100,00 100.0
1 2
1 3e
2 1 67 70
2 2
2 3 33 30
3* 1 92 92
3* 2
3* 3 8 8
3b 1 93 93
2
3 3 7 7
Entire experiment 1 92 88
2
3 8 12
Refers to the chamber conditions in Period 3
Refers to the natural summer climatic conditions at the stanchion 
barn, outside the chamber
Refers to normal estrous periods (17 - 25 days)
Refers to estrous period intervals (less than 17 days)
Refers to estrous period intervals (over 25 days)
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of the estrous cycles in heat, light and control groups. These workers 
haye explained this disparity in their results on the basis of the fact 
that only one animal ceased to cycle during the experiment and the re* 
sponse of this animal was prpbably due more to temperament than to high 
ambient temperature (90°F). In the present study, body temperatures rose 
to high levels (average 104.5°F) during the first week pf Period 2, and 
by this time the estrous cycle was disrupted, indicating a relationship 
to the level of stress* In case of anestrus, failure of observation may 
have been due to short estrual periods, estrual periods of low intensity, 
or to "silent" heat, Anestrus will be considered in the subsequent 
section,
b. Anestrus
Anestrus studied during the investigation was mostly of the "clinical" 
type, which included all animals not in heat at the expected time. There­
fore, anestrus due to lack of ovarian activity, lack of expression, 
duration of estrus, or failure of observation due to the lack pf suf­
ficient external manifestations to be observable were included. This 
type of anestrus constitutes a major breeding problem in Louisiana herds.
The incidence of "clinical anestrus" is presented in Table 9. As 
will be noted from this table, anestrus was not a problem in the base 
period (Period 1) since nppe of the heifers showed anestrus. All the 
animals showed normal estrous periods. However, in Period 2, 3a and 3^  
the incidence of anestrus was 30, 8 and 7% respectively on the basis of 
estrous cycle intervals. During the same periods 33, 8 and 77. respective­
ly of the heifers were anestrus (estrous cycles exceeding 25 days in 
length). Therefore, it appears that hot weather affects the incidence 
of anestrus.
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At the onset of Period 2 (controlled and cycled hot climatic con­
ditions), heifer No. 644 did not come in heat. She did not show symptoms 
of heat for the remainder of the study. Her genital tract was examined a 
number of times, and her reproductive organs were found to have regressed. 
Also there was atony of ovaries and uterus. It should be pointed out 
that this animal was observed in heat three times before the onset of 
Period 2 (during base period).
Heifer No. 638 was due to come in heat pn May 12, 1963, but under 
the changed experimental conditions during the hot phase she did not come 
in heat. Her genitalia was normal, the right ovary being active with a 
developed graafian follicle. Her uterus was tonic. She had a copious 
flow of mucus three days after her due date, but she did not show stand­
ing heat. She ovulated and showed metestrus bleeding* The other heifers 
who became anestrus did not show the same symptoms as shown by heifer 
No. 638, nor did they show maturation of graafian follicle and ovulation.
Hall et al. (55) reported the anestrus occurrence ip 33.4% of the 
animals, representing 10.6% of the expected estrus periods. These 
results represent 1.5 year's study of estrous cycle in heifers and cows. 
The present studies show the incidence of anestrus under different 
climatic conditions in that they were both controlled and natural.
Results under such conditions have not been reported previously.
From the nutritional point pf view, it has been suggested (114) 
that livestock, in general, do not experience specific nutritional de­
ficiencies that perceptibly influence reproduction under good feeding 
conditions. In addition to this, as emphasised by Hammond (56), repro­
duction has a very high priority in the animal body. Therefore, it is 
doubtful that nutrition was a cause of anestrus in this study since the 
heifer8 were fed adequately for normal growth rates. Clinical anestrus
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includes both physiological anestrus as well as anestrus due to managerial 
practices. Under this study, the managerial practices were better than 
average; thus, management should not have been a cause of anestrus.
Taking into consideration the effect of climatic factors, recent 
investigations have emphasized the vital role of summer temperatures in 
affecting fertility level to a considerable extent. Consequently, it 
appears that the intensity of thermal stress has both immediate and de­
layed effects on reproductive activity even when nutritional conditions 
are adequate. Such effects may be explained on the basis of the fact 
that at the onset of stress or alarm reaction the living body takes over 
the priority of the essential physiological functions for the maintenance 
of life. As a result of this, the hormonal balance already existing 
between the "priority endocrines" (pituitary and adrenals), thyroids and 
gonads necessary for the physiological expression of normal sexual mani­
festations is upset. This "shift" consists of a diminished secretion of 
somatotropin, gonadotropins (FSH, LH, prolactin) and thyrotropin. These 
hormones are not essential for the maintenance of life during emergency 
when accompanied by an increase in the secretion of ACTH (127). However, 
as a result of this hormonal imbalance, anestrus may be caused by the low 
sensitivity to estrogens or to their low output. Thus, the suppression 
of sexual functions owing to stress is a protective adaptation mechanism.
The low incidence of anestrus during Period 3^ (natural summer 
climatic conditions) may be explained on the basis that these animals had 
been previously adapted to hot simulated Louisiana summer climatic con­
ditions in the chamber, and thus these animals were adjusted to the 
extent that they did not show much anestrus during this period.
In view of the results on the incidence of anestrus in this study 
and the information in the literature, it can be justifiably concluded
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that environmental factors, particularly high ambient temperatures such 
as those found in the tropics and subtropics, have a definite and depres­
sing effect on the expression of estrus in cattle, causing anestrus.
c. Post-ovulatorv bleeding
During "metestrus bleeding" (post-ovulatory bleeding ), there is a pro­
nounced capillary distension in the caruncles; but the epithelium remains 
intact. In the inter-caruncular areas, epithelial disruption and direct 
capillary hemorrhage into the uterine lumen takes place (148). This in­
formation may help one understand the reasons for abnormal changes in the 
uterus and enable one to recognize pathological processus and other 
reproductive diseases of cattle as well as the possible effects of 
climatic conditions on this phenomenon.
The time of occurrence of metrorrhagia (metestrus-bleeding), as 
summarized in Table 7, averaged 30-50 hours from the beginning of estrual 
activity; and from the end of estrual activity, it was only 23-41 hours. 
The bloody discharge in Period 1 at the end of day 2 of the estrous cycle
was noticed in 75% and on day 3, 25%. of the observations from the begin­
ning of estrual activity. From the end of estrual activity, it was 100%, 
on day 2. In Period 2 from the beginning of estrual activity it was 40% 
on day 1, 60%, on day 2, but from the end of estrual activity it was 60%
on day 1 and 40% on day 2. In Period 3a it was 70%, on day 2 and 30% on
day 3 from the beginning of estrual activity, and from the end of estrual 
activity it was 56% on day 1 and 44% on day 2. In Period 3^ it was 
observed from the beginning of estrual activity to be 100%, on day 3 and 
from the end of estrual activity 100% on day 2. These results after
estrus agree with those reviewed by Weber et. al. (148) with respect to
Period 1. However, no results have been reported on the time of metror­
rhagia under varying climatic conditions for virgin Holstein heifers such
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FIGURE 5. Cervical mucus smears during anestrus. 75X
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as in this experiment.
It will be noted in Table 9 that onset of post-ovulatory bleeding 
was hastened during Period 2 (controlled and cycled hot climatic con­
ditions) in contrast to the base period (Period 1). The difference be­
tween means for these periods was highly significant (P<0.01). The
& bdifferences between means for Periods 1, 3 and 3 were not significant 
when measured from the beginning of estrual activity but were signifi­
cant (P<0.01) when measured from the end of estrual activity. It is of 
interest to note that the average time of onset of post-ovulatory bleed­
ing was the same under spring climatic conditions (Period 1) as that for 
the natural summer climatic conditions (Period 3b). These results suggest
that sufficient adaptation to hot climatic conditions had occurred prior 
to Period 3^, possibly during Period 2, for the occurrence of post­
ovulatory bleeding to return to a normal time or the same as that for 
spring conditions. The importance of this is not readily explainable,
d. Cervical mucus
It is generally understood that the cervical mucus varies throughout the 
estrous cycle in the same rhythmical way as the endometrium. It was 
observed that the elasticity, fluidity, consistency, rate of flow and 
turgidity of uterine horns, as revealed by rectal examination, were 
greater during estrus than after ovulation. The general fern-like con­
figuration comprised of a central stem with venation and subvenation both 
occurring perpendicularly in the cervical mucus smears (Figures 6-10).
In both hot Periods (2 and 3^), the amount of mucus was considerably 
reduced. A quantitative score was given to the cervical mucus smears 
(Appendix Table 3) on different days of the estrous cycle on the basis of 
fern pattern, crystal size, shape, microscopic field appearance, clumping 
and lamination of mucus, crystal edges appearance, presence of leucocytes,
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FIGURE 6. Cervical mucus smears during estrus. 75X
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FIGURE 7. Cervical mucus smears on the third day of estrous cycle. 75X
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squamous and endocervical cells. The crystal size was also measured. 
Crystal size and mucus scores were highly significantly (P<0.01) dif­
ferent for the various stages of the estrous cycles. The average scores 
and crystal sizes were greater on the day of estrus than other days of 
the cycle. Anestrus mucus smears showed numerous leucocytes, endocervi­
cal cells but no crystal formations as shown in Figure 5.
Figure 6 represents mucus smears on the day of estrus for the dif­
ferent experimental periods. In Period 1 (spring climatic conditions) 
the mucus was acellular, the crystal stems were longer and thin with well 
developed venation and Bubvenation. This type of crystallization occur­
red in over 95% of the film. In Period 2 (controlled and cycled hot 
climatic conditions) the stems were long, curved and thinner with clear 
venation and subvenation, occurring only in 85% of the film. Mucus flow 
was less abundant and less copious as compared to Period 1. In Period 3a 
(air conditioning), the stems were thicker with clear venation occurring 
in about 95% of the film. In Period 3^(natural summer climatic con­
ditions) the stems were thicker, with clear venation and subvenation, 
occurring in over 90% of the microscopic field.
Figure 7 depicts the differences in mucus smears on the third day 
of the estrous cycle. In Period 1, atypical salt crystals were formed. 
Ferning was very scanty, covering only 1-2% of the film. The crystals 
were very short, thin and curved with no venation and subvenation. The 
ferning was irregularly scattered over the film. In Period 2, ferning 
was moderate to scanty, covering 2-5% of the microscopic film, with no 
more or less arborized pattern. The formations were not dense. In 
Period 3a, ferning was moderate, covering 5-10% of the microscopic field. 
The crystals were thin, long, curved and wavy with clear venation and 
subvenation; and the formations were denser than during other
Cervical mucus smears on the sixth day of estrous cycle. 75X
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experimental periods.
Figure 8 shows the differential features of the cervical mucus 
smears on the sixth day of estrouB cycle. In Period 1, non-ferning salt 
crystals formed, mucus was difficult to aspirate and crystals were very, 
very scanty, covering only 0.5 - 1.07. on the film. Squamous and endocer- 
vical cells were present. Non-ferning crystals were grouped into a fern­
like mass. In Period 2, no crystals were found; but squamous, endocervi- 
cal cells were quite predominent. In Period 3a, crystals were quite scanty, 
covering 1 - 1,5% of the film and non-ferning crystals were grouped into 
a fern-like mass, whereas in Period 3^ no crystals were found but squamous 
and endocervical cells were quite predominant.
Figure 9 shows the mucus smears on the thirteenth day of the estrous 
cycle. In Period 1, mucus was difficult to aspirate and no crystals were 
found. Endocervical cells and leucocytes were quite preponderant. In
g
the rest of the periods, there was no difference except in Period 3 , 
where endocervical cells were quite few.
Figure 10 gives the differential features of the nineteenth day of
the estrous cycle in different Periods. In Period 1, non-ferning 
(atypical) salt crystals were formed, some of these were grouped into a 
fern-like mass. The non-ferning was moderate, covering about 25% of the 
microscopic field. Leucocytes were quite frequent. In Period 2, non-
g
ferning was quite scanty, covering only 3-7% of the film. In Period 3 , 
non-ferning was moderate, covering 30-40% of the microscopic field. The 
crystals were very short, thin, curved and wavy with no clear venation 
and subvenation. In Period 3^ , the non-ferning was scanty to moderate, 
covering about 10-15% of the film. Quite a few non-ferning crystals were 
grouped into a fern-like mass. Leucocytes and few squamous cells were 
present.
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FIGURE 9. Cervical mucus smears on the thirteenth day of estrous cycle. 75X
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FIGURE 10. Cervical mucus smears on the nineteenth day of estrous cycle. ?5X
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These results obtained in the present studies are in good agreement 
in so far as the base period (Period 1 - spring climatic conditions) is 
concerned with those reported earlier (1, 10). However, the results 
obtained during the other experimental periods under different sets of 
climatic conditions cannot be compared with those of other workers since 
no published results are available during hot conditions. Also, infor­
mation on crystal size has not been reported.
It appears from these findings that the appearance, quantity, 
viscosity, crystal size and uterine horns turgidity are directly related 
to the level of estrogen and progesterone. According to the literature, 
the level of estrogen and progesterone vary for different stages of the 
estrous cycle. Progesterone has an inhibitory effect on the crystals, 
as on the mucus itself. Most presumably, the concentration of estrogen 
rises progressively before the estrus, while after ovulation, there is 
an abrupt decrease. This observation shows that cervical mucus gives a 
good indication of ovarian function as well as estrogen-progesterone 
balance. It appears that estrogen activity dominates from the nineteenth 
day to about second day of estrous (5 or 6 days).
These studies lead one to conclude that the cervical mucus smears 
may have practical field application in the diagnosis of estrus in 
animals of subclinical, clinical anestrus type as well as during adverse 
environmental conditions when the external physical symptoms of sexual 
activity (estrus) are not manifested by these animals. It should be 
emphasized here that techniques involved are simple and economical,
e. Bndocrines as related to estrous cycle
(1) Thyroids: It will be noted from the data shown in Table 10 that 
thyroidal activity on the day of estrus was significantly lowered in 
Period 1, 2 (P^O.Ol) and in Period 3 (P<0,05) than on other days of
TABLE 10
Mean values for thyroid activity, adrenal status and body temperatures as related to ovarian
activity
Variables
studied
Peroid 1 Period 2 Period 3
Davs of estrous cvcle Davs of estrous cvcle Davs of estrous c:vcle
1 3 6 13 19 1 3 6 13 19 1 3 6 13 19
Body tem­
peratures 103 101 102 102 102
GROUP 1 
105 102 103 103 103 102 101 102 102 101
<°F)
Thyroid
status®
Adrenal
status
9.0 10.3 10.4 9.7 10.7 6.4 7.0 7.2 7.5 7.6 10.1 10.6 11.0 11.6 11.3
724 346 260 293 266 946 499 314 271 303 550 410 344 352 420
Body tem­
peratures 103 101 102 102 102
GROUP 2 
104 103 103 103 103 103 102 102 102 102
(°F)
Thyroid
statusa 9.1 10.2 10.3 9.2 10.6 7.5 7.6 7.9 8.1 7.8 6.6 7.7 7.2 7.3 7,0
Adrenal
status** 675 433 197 326 366 683 481 221 207 209 671 548 444 270 442
® Refers to RBC uptake as determined by Triomet method
Refers to total eosinophilic count by direct method for estimating adrenal activity
estrous cycle. In addition to these findings, a highly significant 
increase (P<0.01) was obtained in thyroidal response of heifers in the 
air conditioning phase over the heifers of Group 2 under natural summer 
climatic conditions. These results are in good agreement with some 
workers (157); whereas, they are in disagreement with others (30, 107). 
This disagreement lies with respect to the decrease of thyroidal activity 
on the day of heat. The most common estrogenic substance in cattle is 
estradiol (8). Estrogens in large doses have a definite depressing 
effect on the thyroid gland (97). Stress also has a depressing effect 
on thyroidal activity.
In order to better understand the interactions between the thyroid 
hormone, estrogens and progestrone, an experiment was conducted with 
bull's blood, using the Triomet method to determine the thyroidal
I
response. Varying levels of estradiol, progesterone and estradiol in 
combination with progeatrone were added to the bull blood. The activity 
in terms of red blood cell uptake of Triomet was recorded in each case.
As shown in Table 11, estradiol and progestrone, whether used 
separately or in combination, decreased the RBC uptake. Consequently, 
it appears that saline, estradiol and progesterone interfere with RBC 
uptake. Part of this is due to the dilution effect. Even after taking 
this into consideration, estradiol and progesterone appear to interfere 
or influence thyroidal response.
However, increases in thyroid activity have also been reported (30, 
107). These conflicting reports may be accounted for by the inter­
actions between the response of the thyroid and the estrogens. For 
example, decreases in the thyroidal activity have been reported when the 
estrogen treatment was prolonged. It also has been shown clearly that 
the estrone increases the thyroidal activity, whereas estradiol and
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TABLE 11
Triiodothyronine uptake by RBC in bull blood
Sample Number Added substances Quantity added RBC uptake
1 11.42
2 0.85 N. Saline 1 ml 2.95
3 Estradiol 0.01 ug 2.55
4 Estradiol 0.10 ug 2.14
5 Estradiol 1.00 ug 2.23
6 Progesterone 0.03 ug 3.59
7 Progesterone 0.30 ug 2.66
8 Progesterone 3.00 ug 2.21
9 Estradiol + Progesterone 0.01 + 0.03 ug 3.76
10 Estradiol + Progesterone 0.10 + 0.30 ug 1.67
11 Estradiol + Progesterone 1.00 + 3.00 ug 1.58
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Body temperatures as
TABLE 12 
associated with different stages of estrous cycle
Period Temperatures Davs of estrous cvcle
1 3 6 13 19
of
Maximum 103.9 102.4 102.1 102.0 102.8
1 Minimum 102.0 100.3 101.2 101.6 101.6
Average 102.7 101.6 101.6 101.8 102.1
Maximum 106.2 103.4 104.3 104.0 104.1
2 Minimum 102.8 101.8 102.0 102.1 101.8
Average 104.3 102.5 103.1 103.0 102.8
Maximum 102.2 101.6 102.2 101.8 101.8
3a Minimum 101.4 100.0 101.1 101.0 101.0
Average 101.7 100.8 100.5 101.5 101.3
Maximum 103.8 102.0 102.6 102.8 103.4
3b Minimum 102.0 101.6 101.6 100.8 101.2
Average 102.9 101.8 102.0 101.5 102.1
Refers to the chamber conditions in Period 3
Refers to the natural summer climatic conditions at the stanchion 
barn, outside the chamber
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estriol decrease it. The latter, no doubt, holds true in these current 
studies. As reviewed by Premachandra et al. (109), thyroxine secretion 
rate has an inverse relationship with ambient temperature. This 
relationship, as will be shown later, was obtained in the current studies. 
There is a depression of thyroidal response during hot weather and an 
increase during cool weather.
(2) Adrenals: As depicted in Table 10, adrenal response (in terms of
increase in number of eosinophils) was at its peak on the day of estrus 
during all three experimental periods as compared with other days of the 
estrous cycle (P40.01). Thus, eosinophilia was obtained on the day of 
estrus. These results on heifers are in good agreement with those of 
previous workers C90).
This rise in the number of eosinophils (eosinophilia) on the day of 
estrus may be due to stimulation of anterior pituitary owing to stress 
and excitement. Adrenals are believed to be very sensitive to the 
slightest variations in the natural surroundings (physical and physio­
logical) of the animals. Owing to this sensitivity of adrenals under 
normal or controlled normal climatic conditions, this index may be use­
ful for detection of estrus in heifers,
f. Rectal temperature
Functional ovary is believed to be responsible for the existence of the 
biphasic curves of body temperatures. It will be noted from Table 12 
that a biphasic pattern was observed in these animals during the estrous 
cycle. In all the three periods, the maximum rise in rectal temperatures 
was noticed on the day of heat and a minimum on the third day (on/after 
ovulation) of the cycle (P<0.01). Usually, the average rectal tempera­
tures were high (104°F) on the day of estrus, low (102°F) on/after
o
ovulation, and high(103 F) again in the luteal phase of the cycle.
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These results are in quite good agreement with those reported previously 
(10, 115, 130, 154). This rise in rectal temperature on the day of estrus 
may be explained by the fact that the highest concentration of estrogenic 
substances (being thermogenic in nature) occurs on this day, while their 
influence is removed Bince there is a sudden decrease in their concen­
tration following ovulation. However, during the luteal phase, there is 
again a rise in temperature which could be ascribed to the presence of 
increased concentration of progesterone, elaborated by the corpus luteum 
of ovary, Progesterone is another thermogenic substance (154, 155).
It appears that rectal temperatures may serve as an adjunct to the 
study of fertility and in the detection of estrus in cattle. However, 
they should be used only as an aid along with other criteria since rectal 
temperatures may be influenced by many other factors,
g. Blood criteria as related to estrous cvcle
(1) Eosinophils: It would be noted from Tables 13, 14, 15 and 16 that
total eosinophils and eosinophils, as measured through differential count, 
reached a peak on the day of estrus in both groups of heifers in con­
trast to lower values on the other days of estrous cycle during all three 
experimental periods. These differences were significant (P<0.01) regard­
less of periods. These results are in good conformity with those reported 
by Moberg (90). During estrus, the anterior pituitary is under two in­
fluences: (1) stimulation by stress and by nervous excitement of the 
living organism and (2) an inhibitory influence of cortical hormones. 
Whichever is greater will determine the outcome. Most probably the 
stimulation brought about by estrus is greater than the inhibitory 
influence of cortical hormones, resulting in eosinophilia. The decrease 
in eosinophils in these heifers was more abrupt on day 3 of the cycle 
than at any other stage. This seems to indicate that this decrease in
TABLE 13
Average values for leucocytes in different periods with respect to ovarian activity in Group I
Variables Period 1 Period 2 Period 3
studied Davs of estrous cvcle Days of estrous cvcle Days of estrous cvcle
1 3 6 13 19 1 3 6 13 19 1 3 6 13 19
White blood
corpuscles 
per mrP in 11.4 8.9 8.4 8.4 9.1 12.1 10.1 8.3 8.4 9.1 9.3 8.4 7.2 6.9 7.1
thousands
Basophils % 0.1 0.2 0.2 0.2 0.2 0.5 0.0 0.3 2.5 0.3 0.1 0.3 0.8 0.5 0.5
Eosinophils % 20.8 11.3 11.3 10.5 9.5 17.0 6.8 6.3 4.8 5.8 20.0 11.0 9.8 9.3 10.0
Neutrophils % 28.0 17.5 15.0 14.8 14.3 19.0 18.5 13.8 14.5 16.8 27.3 18.8 16.8 18.0 17.0
Lymphocytes % 49.0 68.5 70.8 72.3 73.5 60.8 69.8 77.3 75.5 74.3 50.5 67.3 70.5 69.5 70.3
Monocytes % 2.0 2.5 2.5 2.0 2.3 2.8 3.5 2.5 2,8 3.0 2.5 2.5 2.3 2.8 2.5
TABLE 14
Average values for leucocytes in different periods with respect to
ovarian activity in Group 2
Period 1 Period 2 Period 3
Variables days; of estrous cycle daysi of estrous cycle days> of estrous cycle
studied 1 3 6 13 19 1 3 6 13 19 1 3 6 13 19
White blood 
corpuscles per 
mm3 in thousands
11.3 9.5 8.3 9.2 10.1 11.7 10.3 9.0 9.7 9.6 10.5 9.9 8.3 8.5 8.2
Basophils 1* 0.1 0.2 0.2 0.3 0.2 1.2 0.0 0.2 0.8 0.6 0.1 0.3 0.5 0.8 0.3
Eosinophils % 20.0 9.6 10.8 10.0 9.2 13.8 7.2 7.6 7.4 7.6 20.0 12.0 9.5 9.3 9.0
Neutrophils % 31.8 18.0 16.0 16.2 17.0 24.0 20.0 18.0 19.2 15.6 22.8 21.0 17.0 17.0 16.0
Lymphocytes % 56.2 69.2 70.4 71.0 70.8 58.6 70.2 72.2 70.0 73.4 55.2 64.5 70.5 71.3 73.0
Monocytes "L 1.5 2.8 2.4 2.4 2.6 2.6 2.4 2.0 2.6 2.0 1.5 2.0 2.5 1.8 1.8
TABLE 15
Average values for the absolute differential Leucocyte counts per mm3 in thousands in different periods
for Group 1
Variables
eriod 1 Period 2 Period 3
Days of estrous cycle Days of estrous cycle Days of estrous cycle
studied l. 3 6 13 19 1 3 6 13 19 1 3 6 13 19
White blood 
corpuscles
11.4 9.G S.4 8.4 9.1 12.1 10.1 8.3 8.4 9.1 9.3 8.4 7.2 6.9 7.1
Basophils .01 . C'2 .01 .01 .02 .06 .00 .06 .2 .02 .01 .01 .05 .03 .03
Eosinophils 2.37 1.00 .93 .88 .86 2.06 .67 .52 .39 .52 1.85 .92 .70 .63 .71
Neutrophils 3.31 1.56 1.25 1.23 1.30 2.30 1.85 1.14 1.21 1.52 2.52 1.56 1.21 1.24 1.21
Lymphocytes 5.60 6.12 5.90 6.06 6.71 7.36 6.98 6.42 6.32 6.74 4.68 5.62 5.09 4.68 5.00
Monocytes .25 .22 .21 .17 .21 .33 .36 .21 .23 .27 .23 .21 .16 .19 .18
TABLE 16
Average vaLues for the absolute differential leucocyte counts per mm3 in thousands, of blood in different
periods in Group 2
Period 1 Period 2 Period 3
Days of estrous cycle Days of estrous cycle Days of estrous cycle
1 3 6 13 19 I 3 6 13 19 1 3 6 13 19
White blood 
corpuscles 11.3 9.5 8.3 9.2 10.1 11.7 10.3 9.0 9.7 9.6 10.5 9.9 8.3 8.5 8.2
Basophils .01 .01 .01 ‘ .01 .02 .00 .00 .01 .07 .05 .01 .02 .04 .01 .02
Eosinophils 12.3 8.18 8.99 9.17 9.25 16.2 7.44 6.82 7.17 7.29 22.3 11.92 7.93 7.81 7.39
Neutrophils 3.60 1.53 1.33 1.48 1.71 2.81 2.06 1.61 1.86 1.41 2.61 2.08 1.22 1.43 1.31
Lymphocytes 5.65 5.90 5.86 6.51 7.12 6.87 7.94 6.48 6.78 7.04 6.34 6.41 5.88 6.01 6.00
Monocytes .17 .23 .19 .22 .26 .30 .24 .17 .25 .19 .17 .19 .20 .14 .14
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eosinophils is connected with ovulation in some way. This drop might be 
caused by an increased adrenocortical activity brought about either 
directly by ovulation or indirectly by an initial strong activity of the 
anterior pituitary.
It would appear that eosinophil count might be useful as an aid in 
detection of ovulation along with physical criteria.
(2) Neutrophils and Lymphocytes: As will be noted from the data presented
in Tables 13-16, neutrophils reached peak on the day of estrus in both 
groups. The differences between the neutrophils on the day of estrus as 
compared to other stages of the estrous cycle were significant (P<0.05).
A definite tendency towards lower values of lymphocytes (lymphopenia or 
lymphocytopenia) was observed on the day of heat. These differences were 
highly significant (P<0.01).
Results obtained in these studies on neutrophils and lymphocytes 
agree with those of Moberg (90). .The fact that thenumber of eosinophils 
was higher during the estrual phase, while the lymphocyte count was lower, 
it follows that the N/L ratio Is highest during the estrus. This ratio, 
thus far, has never been reported in connection with estrus. This point 
will be discussed later. Rowson, Lamming and Fry (120) found that the 
normal defensive measures of the body during the follicular phase, and 
especially during estrus, were increased. Thus, it is possible that the 
rise in the neutrophils, eosinophils and thereby in total white count, 
during estrus may be of some importance in this connection. Lymphocy­
topenia has been ascribed to increased production of ACTH (38, 39). It 
also appears from these experiments that estrogens had a direct depres­
sing action on lymphatic system.
(3) Neutrophil: lymphocyte . (N/L) ratio: In the differential count, the
most significant characteristic was the neutrophil-lymphocyte (N/L) ratio
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as determined by the use of ratio of the means for the percentage dis­
tribution of these two leucocyte types. Appendix Table 3 summarizes the 
information on duration of heat and the N/L ratio. Statistically 
significant differences were observed between animals (P<0.O5) and 
between different periods (P^P.01). A highly significant (P<0.Q1) cor­
relation coefficient of 0.57 was found between duration of heat and 
N/L ratio.
It appears from the data in Appendix Table 4 that, in general, the 
animals having short estrual periods had smaller N/L ratios. Thus, it is 
conceivable that the animals showing strong symptoms of heat have a higher 
N/L ratio than those exhibiting weak symptoms. Thus, this ratio might be 
of some use for detection of estrus, as well as its intensity.
(4) Monocytes and basophils: Monocyte and basophil counts showed no
significant variation in connection with estrous cycle. These results 
are similar to those reported by previous workers (90).
(5) Total white blood corpuscles: As is apparent from Tables 13-18, the 
white blood cell count was higher on the day of estrus than at any other 
stages of the cycle. These differences were highly significant (P<0.01). 
These observations concur with those of the previous workers.
Theoretically, estrogens influence the white blood cell count by a 
direct action on bomopoietic organs by stimulating the maturation of the 
cells in bone marrow, with a consequent release of mature leucocytes 
already in reserve. The rapid fall in the neutrophil and eosinophil 
count after 2-3 days, which occurred in the majority of cases, could be 
taken as a sign of exhaustion or damage to the bone marrow. It is also 
affected by an indirect action via the neurohumoral control of leucopoie- 
sis. It is an accepted fact that estrogens exercise a definite influence 
on the anterior pituitary. This may be due to increased secretion of
ACTH, which is responsible for neutrophilia; and this action might be 
mediated through the hypothalamus which controls the function of anterior 
pituitary (38, 39). Beer (14) advocates the opinion that nervous centers 
affect production of leucocytes in the bone marrow in two ways: (1) by 
direct nervous connection between these centers and the bone marrow and
(2) by neurohumoral action via branches from the above centers to the 
autonomic system. The production of the humoral factor, which may be 
produced or stored in the liver and from where it reaches the bone marrow 
by blood stream, is thought to be the result of a stimulation of the auto­
nomic system. It is, therefore, possible that a damage to the liver 
would discontinue this chain of reactions. In this connection,
Castrodale et, al. (28) have shown that large doses of estrogens cause a 
damage of the liver in the dog.
(6) Total red blood corpuscles count: During the current studies, total 
RBC count showed a peak on the day of estrus as shown in Tables 17 and 
18, in contrast to other days of the cycle. These differences were 
significant (P^0.O5).
To date, data on blood of cattle with respect to RBC and estrus, 
particularly under different climatic conditions, have not been reported. 
Psychic factors such as excitement or fear (152) have long been recognized 
as causing significant increases in the number of red blood corpuscles. 
Presumably, this was the case herein for the increase of RBC, since 
excitement is one of the symptoms of estrual activity. Decreases in RBC 
count during the hot phases of these studies in contrast to cool phases 
might be explained on the basis of hemodilution, which usually occurs as 
a result of drinking excessively large amounts of water. Hemodilution 
will be considered later.
TABLE 17
Mean values for different blood components with respect to ovarian activity in Group 1
Period 1 Period 2 Period 3Variables
Davs of estrous cvcle Davs of estrous cvcle Davs of estrous cvclestudied
1 3 6 13 19 1 3 6 13 19 1 3 6 13 19
Thrombocytes 
per ram3 538 327 317 302 298 525 409 401 209 198 310 210 144 161 201
in thousands
White blood
corpuscles 11.4 8.9 8.4 8.4 9.1 12,1 10.0 8.3 8.4 9.1 9.3 8.4 7.2 6.9 7.1
per mm3 
in thousands
Hemoglobin
Km/100
12.6 11.5 11.8 13.0 12.9 12.8 11.9 11.0 10.8 11.5 12.5 13.0 12.7 12.4 12.8
Hematocrit 33.5 33.2 32.3 32.1 31.3 31.1 29.7 21.3 27.8 27.8 32.6 31.9 32.2 31.6 31.2
LPCV)
Red blood
corpuscles 9.9 7.8 6.3 6.9 7.6 8.5 5.0 4.1 3.6 3.7 8.5 7.8 7.8 7.4 7.3
per mm3
in millions
00
TABLE 18
Mean values for different blood components with respect to ovarian activity in Group 2
Variables
studied
Period 1 Period 2 Period 3
Davs of estrous cvcle Davs of estrous cvcle Davs of estrous cvcle
1 3 6 13 19 1 3 6 13 19 1 3  6 13 19
Thrombocytes 
per mm^ 485 335 334 319 380 626 434 339 262 327 335 190 190 229 204
in thousands
White blood
corpuscles 11.3 8.5 8.3 9.2 10.6 11.7 10.3 9.0 9.7 9.6 11.5 9.9 8.4 8.5 8.2
per mnP 
in thousands
Hemoglobin 12.9 12.3 13.2 12.6 12.6 14.4 11.5 12.3 12.3 12.5 12.6 12.1 12.5 13.6 13.0
em/100
Hematocrit 32.8 32.0 34.2 33.0 32.5 33.3 31.0 32.1 31.3 30.2 33.8 33.4 32.9 33.8 33.8
fPCV)
Red blood
corpuscles 9.0 5.9 7.0 7.9 7.7 6.9 4.3 3.6 3.3 4.1 8.0 5.6 4.4 7.3 6.6
per mnP 
in millions
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As was the case with white blood corpuscles -- particularly 
eosinophils and neutrophils -- RBC might be a useful aid in detecting 
estrus-
(7) Thrombocytes: It will be noted from Tables 17 and 18 that a highly
significant increase (P45.01) was observed in the number of thrombocytes 
on the day of estrus as compared with other days of the estrous cycle.
To date, no data have been reported on the thrombocytes in their relation 
to estrous cycle.
Results of the present study show that enumeration of thrombocytes 
might prove to be a more precise indicator of estrus than other blood 
criteria. In addition to this, it is also independent from the effect of 
external factors (104) such as diurnal variations. Furthermore, these 
results suggest that the platelet elevation occurring on the day of estrus 
is caused by a factor or factors including stress such as brought on by 
estrus. However, this needs to be established by further studies.
(8) Hemoglobin (Hb) and hematocrit (PCV): Tables 17 and 18 show elevated
levels of Hb and PCV (P'O»01) on the day of estrus in contrast to other 
days of the estrous cycle in Periods 1 and 2. However, no significant 
changes were observed in either of these variables in Period 3.
The literature does not contain any information on the changes of 
Hb and PCV during different stages of estrous cycle in cattle as affected 
by different sets of climatic conditions. Since these changes were 
inconsistent, more studies are needed in order to arrive at a final 
conclusion as to the nature of changes in these criteria during dif­
ferent days of estrous cycle.
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B. GROWTH PATTERNS OF HEIFERS
The information obtained on growth measurements is summarized in 
Figure 11 and Table 19.
1, Body Weight Changes
During Periods 1, 2 and 3, the average daily body weight gains for
Group 1 were 2,25, 0,89 and 2.19 lb. and for Group 2, 2.33, 0.95 and 1.80
lb., respectively. The rates of gain by fortnights and periods are shown
in Figure 11. Period differences were highly significant (P^O.Ol), and
fortnight differences were significant (P<P.05). During Period 3, the
o o
average rate of daily gain for Group 1 (air conditioned at 62 to 65 F) 
was 2.19 lb. as compared with 1.80 for Group 2 (natural summer climatic 
conditions). This difference was significant (P^0.05). Thus, under hot 
climatic conditions growth rates in terms of body weight changes were 
depressed.
A visual inspection of Figure 11 reveasls that the rate of daily 
gain for both groups of heifers reached its peak of 3.40 lb. during the 
fourth fortnight of Period 1 (natural spring climatic conditions). The 
greatest depression in growth rates (daily gain in body weight) occurred 
during the first four weeks of Period 2 (controlled and cycled hot 
climatic conditions). In fact, the average daily gains for Groups 1 and 
2 during the second fortnight of Period 2 were -0.75 lb. and -1.50 lb., 
respectively. During the third and fourth fortnight of this period, the 
gains were 1.09 lb. and 2.23 lb. for Group 1 and 1.07 lb. and 2.37 lb, 
for Group 2, respectively. In other words, the heifers made some adjust­
ment to their environment. The depression of growth rates which occurred 
during the third fortnight of Period 3 for both groups of heifers as 
shown in Figure 11 may have been due to a change in silage feeding. Up
Fortnights
Periods
FIGURE 11.
.-Group 1
Group 2
Growth patterns of heifers
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TABLE 19
Average gain In body measurements (in  cma) by groups end periods, of
experimental animals.
Period Group Gain In height each month 
1 2
Gain in length each month 
1 2
1 1 1.00 1.60 1.70 2.10
1 2 0.98 2.20 1.90 2.45
2 1 1.60 0.30 0.70 1.00
2 2 0.98 0.02 0.70 1.00
3 1 0.40 2.10 1.30 1.90
3 2 0.06 2.00 1.90 2.10
TABLE 20
Changes in thyroidal status (RBC uptake of Triomet)* of the h e ifers by
groups and periods
Periods Month of Groups
the periods 1 2
1 1 11.2 10.0
2 10.0 9.9
Group-period means 10.6 9.9
2 1 8.5 8.0
2 7.1 7.7
Group-period means 7.8 7.8
3 1 14.1 7.8
2 10.9 7.1
Uptake of Triomet in terms of %/100 hematocrit.
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to this point, corn silage had been fed. During the second fortnight of 
this period, sorghum silage feeding was initiated. The heifers did not 
consume the sorghum silage as readily as the corn silage; and since the 
rate of alfalfa hay and grain feeding remained constant, rate of gain was 
initially depressed. However, after they became accustomed to this silage, 
the growth rates improved as reflected by the gains during the fourth 
fortnight as shown in Figure 11.
2. Body Measurements
Body measurements consisting of height at withers and body length, 
as shown in Table 19, followed the same general pattern as did the body 
weight changes. These measurements showed significant (P^0.05) period 
differences and highly significant (P^D.01) monthly differences.
These results are in general agreement with those of Missouri (66, 
112) and Louisiana (68, 139) workers as well as with the results of a 
unique field investigation conducted by Hancock and Pyne (59) to measure 
the direct effects of climate on the growth of European type cattle on the 
Fiji Islands and in New Zealand. In these two places, the ambient tem­
perature was the major recorded climatic variable. During stress, the 
production of the growth hormone (STH) from the anterior pituitary is 
depressed -- as well as other physiological activities necessary for 
growth phenomenon -- till the adaptation mechanism of different bodily 
reactions is complete. Thus, it appears from the results of the studies 
reported here in that hot climatic conditions produce such a stress 
which is very important until the animals make adjustment or adapt to 
the conditions-. The matter of adaptation will be considered in the 
following section.
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C. ADAPTATION PHENOMENA
1. Changes in Hair Coat 
The experimental heifers shed their hair coat during Period 2; and 
by the end of fifth week of this period, the shedding was nearly complete. 
This indicated that the heifers were adapting to the hot conditions.
Thus, high rates of surface evaporation were probably facilitated in 
these animals by short, smooth hair coats which are mainly due to the 
presence of primary hair follicles in the hide, responsible for high heat 
tolerance capacity of animals. However, no direct measurements of this 
phenomenon were made in these studies. Only visual or physical obser­
vations of the heifers were made. This conclusion is based on these 
observations and the findings of Bonsma (20). He reported that superior 
growth rates, reproduction and production occurred in short, smooth 
coated beef cattle as compared to long and wooly coated ones.
2. Growth Responses 
As discussed previously in connection with body weight changes and 
body measurements, the heifers made some adjustments in their growth 
patterns during Period 2 (controlled and cycled hot climatic conditions). 
This can be interpreted as an indication of adaptation to hot climatic 
conditions. During the first four weeks of this period, there was a 
marked depression in growth rates. During the last four weeks of this 
period, the heifers resumed almost normal growth rates (Figure 11 and 
Table 19). Also, the heifers in Group 2 during Period 3 had good growth 
rates; however the heifers in this group did not grow as rapidly as did 
those in Group 1, which was under controlled air conditioning (62° to 65°F) 
during this period.
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3. Changes in Reproductive Responses
As discussed before with respect to reproductive phenomenon (estrous
cycle), the heifers made some adjustments during Period 2 (controlled and 
cycled hot climatic conditions) in their reproductive capacity. Most of 
these heifers resumed normal cycling by the middle of third fortnight.
This can be interpreted as an indication of adaptation to hot climatic 
conditions. The condition of anestrus was quite noticeable during the 
first four weeks of this period. Also, in Group 2, which was placed 
under natural summer climatic conditions during Period 3, 93% of the 
animals exhibited normal estrous cycles; and Group 1, under controlled air 
conditioning, had 92% of the animals showing normal estrous cycles.
4. Changes in Endocrine Status
a . Thyroidal activity
Changes in thyroidal status by groups of heifers and by periods are shown 
in Table 20. It will be noted that thyroidal activity of the heifers
was depressed considerably (P^O.Ol) during Period 2 in contrast to that
for Period 1. In fact, during the second month of Period 2 thyroidal 
activity of both groups of heifers was only 72.3% of that for the base 
period (Period 1). Thyroidal activity remained at approximately this 
same reduced level for the heifers in Group 2 during Period 3. In other 
words, it was more or less stabilized. Thus, the controlled and cycled 
hot climatic conditions during Period 2 depressed thyroidal activity which 
remained at this depressed and stabilized level during Period 3 for the 
heifers in Group 2 under natural summer climatic conditions. Undoubtedly, 
this stabilization can be interpreted to be a part of the adaptation 
phenomenon of the heifers to hot climatic conditions.
It is of interest to note that heifers in Group 1 when placed in 
air conditioning during Period 3 had an average thyroidal value of 14.1
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TABLE 21
Changes in adrenal status (total eosinophil count per mm3 of blood) of the
heifers by groups and periods
Periods Month of the periods Groups 
1 2
Month and 
period means
1 1 309 390 349
2 377 380 378
Group period means 343 385 364
2 1 266 348 307
2 467 337 402
Group period means 366 342 354
3 1 385 533
2 395 275
Group period means 390 404
TABLE 22
Average body temperatures of both groups of heifers at different times
during Period 2
Bodv temperatures ( F) on different
Ambient days of month of the period
temperature Months
of chamber 1 2
(°F) Davs of the month
4 7 10 13 16 23 30 30
95 105.0 105.5 105.3 104.7 105.0 105.3 105.1 104.5
85 102.7 102.3 102.6 102.7 102.7 102.6 102.7 102.7
75 101.9 102.1 102.2 102.7 102.3 102.0 102.1 102.2
Average 103.2 103.3 103.4 103.4 103.3 103.3 103.3 103.1
during the first month of this period (Table 20). This is almost twice 
the level for the same heifers under the controlled and cycled hot 
climatic conditions during Period 2 (P^O.Ol) and 132% (P^O.Ol) of the 
level for the base period (Period 1). During the second month of Period 
3, these heifers returned to approximately the same level of thyroidal 
activity as that during the spring month (Period 1). No doubt, this 
elevated value for the first month of this period was brought about by 
the stimulatory effect of the cool climatic conditions on the anterior 
pituitary, causing an increase in thyroidal function. Then, after this 
stimulation, there followed a period of decline to an optimum or normal 
level of thyroidal activity and a stabilization at that level. As 
reported by Kamal et al. (72), once the hypothalamus receives the tern- 
perature stimulant either by impulses from the peripheral thermal 
receptors or directly by the circulating blood temperature -- according 
to the current theory -- it influences the adenohypophysis by a 
neurohumor released from the median eminence, which passes down the portal 
venous link to the adenohypophysis that regulates ACTH and most probably 
TSH secretion. However, the majority of available evidence (109) seems 
to indicate that the decrease in the level of circulating hormones due 
to increased peripheral utilization is the proximal cause of enhanced 
thyrotropin secretion with subsequent thyroid activation under cool 
climatic conditions.
In general, the results reported herein on the effects of hot and 
cool climatic conditions are in agreement with those reported in the 
literature (16, 49, 64, 67, 109, 110, 139). Hot climatic conditions 
depress thyroidal activity of cattle, while cool conditions stimulate it. 
However, the decreases or increases brought about by hot and cool climatic 
conditions as reported by these previous workers for constant, natural
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and cycled weather conditions are considerably greater than those reported 
herein. This difference could probably be due to the different techniques 
used in measuring thyroidal activity, weather conditions operating for 
the experiment, and different kinds of stress imposed on the animals. As 
for example, lactating cows in summers are under the stress of lactation, 
adverse weather conditions coupled with nutritional stress as well as 
age of the animals,
b. Adrenal response
Average changes in adrenal response as reflected by changes in eosinophil
count of the heifers by groups, months within periods and periods are
shown in Table 21. It will be noted that the average eosinophil count was 
3
364 per mm for both groups of heifers during Period 1 as compared with a
3
value of 307 per mm for the first month of Period 2. Thus, eosinopenia
occurred during the first month under hot climatic conditions. Each
group of heifers showed eosinopenia during the first month in Period 2.
However, during the second month of Period 2, Group 1 showed eosinophilia,
while Group 2 showed eosinopenia under the same controlled and cycled hot
3
climatic conditions. The mean value of 467 eosinophils per mm for Group 
1 during the second month of Period 2 is difficult to explain. Perhaps 
it was due to errors which are inherent in the techniques. During Period
3, the average eosinophil value for Group 1, which was under air con-
3 3ditioning, was 390 per mm as compared with a value of 404 per mm for
Group 2 which was under natural summer climatic conditions during this
period. It is of interest to note, also the average values of 533 and
3
275 per mm for Group 2 during the first and second months of Period 3, 
respectively.
An analysis of variance of the eosinophil data, from which Table 21 
was constructed, revealed no significant differences between group and
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period means. However, an analysis using the "t" test revealed that
period and months within period differences were significant. For Group
3
2, the average value of 342 eosinophils per mm for Period 2 was signifi-
3
cantly (P<5).01) different from the value of 533 per ran during the first 
month of Period 3. Monthly differences during Period 3 for Group 2 were 
also highly significant (P^.0.01). In contrast to this, there was no 
monthly change for Group 1 during this period. Perhaps the differences 
in the responses of the two groups of heifers during Period 3 were due 
to differences in climatic conditions.
Due to the variability of the eosinophil data and numbers of 
observations involved, as well as the inconclusive nature of the sta­
tistical analyses, it would appear that eosinophil count in the current 
studies was of limited value in assessing adrenocortical activity of the 
heifers. However, such results are not surprising since other workers' 
results, as reviewed by Thompson (139), have shown that eosinophil count 
is not a satisfactory measure of this activity. Thus, this criterion is 
apparently not a reliable method of assessing adaptability to hot climatic 
conditions.
5. Body Temperature Changes
Changes in body temperatures of the heifers are given in Tables 22
and 23 and in Appendix Tables 5 and 6 for Periods 2 and 3. No data were
obtained for Period 1 with respect to the adaptation phenomenon. As
discussed previously, the climatic control chamber was cycled at 75°, 
o o85 and 95 F during Period 2 for both groups of heifers. During Period 2, 
Group 1 was in the chamber maintained at 62° - 65°F, while Group 2 was under 
natural summer climatic conditions in an open stanchion barn. A nearby 
hygrothermograph recorded the outside temperature and relative humidity.
The average maximum and minimum temperatures were 95° and 69°F,
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respectively. The average maximum and minimum relative humidities were 
937, and 597. respectively, for the same period.
It will be noted in Table 22 that the average body temperatures of 
the heifer8 increased on the fourth day from 101.9°F at 75°F to 105,0°F 
at 95°F. Similar trends were apparent for the other days during both 
months 1 and 2. Body temperature changes from the fourth to the 
thirtieth day of Period 2 were slight even at the highest ambient tem­
perature. However, the average body temperature at the end of the 
thirtieth day of the second month of Period 2 at 95°F decreased in com­
parison with that for the first 30 days. This might indicate adaptation 
of the heifers to the hot climatic conditions during the first 30 days 
of this period took place. However, these data were not subjected to a 
statistical analysis because of the limited numbers of degrees of freedom, 
particularly for the second month of this period. The statement regard­
ing adaptation is primarily based on the observed changes in body tem­
peratures at 95°F for the two months and the conclusions of Johnston 
et al. (68). These workers reported that about 40 days are required for 
dairy cattle to adapt to hot climatic conditions, presumably mediated 
through the thyroid gland.
Table 23 gives the average body temperatures of heifers by groups 
of heifers and times of day for the first and second months of Period 3.
It will be observed that the average body temperatures of Group 1 (air 
conditioned) was maintained at the "normal" level of approximately 101.0°F, 
which is in agreement with literature. In contrast, heifers in Group 2 
(natural summer climatic conditions) averaged higher body temperatures 
at 1630 throughout the period than did the heifers in Group 1.
From these results, high ambient temperatures (95°F) caused an 
increase in body temperatures of yearling dairy heifers. It does not
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TABLE 23
Average body temperatures of the heifers by groups and times of day during
Period 3
Group* Time of Body temperatures ( F) on different days of the month
Day of the period
Month
 1 2__
 4______ 7______ 10 13 16 23 30 30
1 0630 101.1 100.7 101.1 101.2 101.2 101.3 101.3 101.1
1630 101.0 101.4 101.1 101.2 101.3 101.2 101.3 101.5
Average 101.0 101.0 101.0 101.2 101.2 101.2 101.3 101.3
2 0630 101.5 101.6 101.2 101.8 101.9 101.8 102.3 102.5
1630 102.9 102.6 102.8 103.8 101.6 103.5 102.8 104.0
Average 102.2 102.1 102.0 102.8 101.8 102.7 102.6 103.2
Group 1 was air conditioned at 62° to 65°F continuously 
Group 2 was under natural summer climatic conditions
TABLE 24
Average blood values (total and differential count) expressed as percent of 
the base period (Period 1) in different periods with respect to adaptation
Periods Total Count Differential Count
Platelets
/cu.mm
RBC
/cu.mm
WBC Eosinophils 
/cu.mm 7o
Neutrophils
%
Lympho
cytes
%
Hb PCV 
gm/100 /10
1 346,000 7,335,00 8,750 6 19 68 12 32
(100) (100) (100) (100) (100) (100) (100) (100)
2 124% 53% 87% 76% 77% 104% 95% 98%
3a 101% 89% 91% 129% 117% 97% 98% 100%
3b 116% 85% 89% 84% 83% 100% 101% 101%
Refers to the chamber conditions in Period 3
Refers to the natural summer climatic conditions at the stanchion bam, 
outside the chamber
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appear that body temperature under controlled and cycled hot climatic 
conditions, when used as the only criterion, is a good index of 
adaptation unless considered from the standpoirit of stability.
6. Changes in Blood Components
The average values for the different components of blood are pre­
sented in Table 24. These data were not subjected to a statistical 
analysis since no measurements of blood volume were made during these 
studies and since the results of the statistical analyses of the data on 
total eosinophil count were inconclusive. Nevertheless, it is of 
interest to note that the red blood cell count (RBC) during Period 2 was 
only 53% of that for Period 1. Similar trends, but not marked were 
obtained for white blood cells (WBC), eosinophils and neutrophils. On 
the other hand, blood platelet counts increased during Period 2 in 
comparison with Period 1. It is also of interest to note that the RBC 
values for Groups 1 and 2 were identical during Period 3 in spite of the 
wide differences in climatic conditions.
The relationships of these blood components to the adaptation 
phenomenon cannot be assessed since no measurements were made of blood 
volume.
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V. SUMMARY AND CONCLUSIONS
Investigations were conducted with 10 virgin Holstein heifers 
ranging from 12 to 15 months of age to study the effects of climatic 
stress on ovarian activity and adaptation, including growth rates. The 
experimental design was as follows: During Period 1, which was 60 days
in length, all heifers were kept in an open stanchion b a m  under natural 
spring climatic conditions. In Period 2, they were in a psychrometric 
chamber which was cycled at 75°, 85° and 95° during each of the 24-hour 
periods for 60 days. During Period 3, Group 1 (5 heifers) was kept under 
air conditioning (62° - 65°F) for 60 days while Group 2 (5 heifers) was 
placed in an open stanchion barn under natural summer climatic conditions 
for the same length of time.
In regard to reproductive responses, the average lengths of the 
estrous cycles for both groups of heifers were 20-21 days, excepting in 
Period 2, where it was 25 days in length. During the three periods, the 
average durations of estrus were as follows: Group 1 - 20, 11 and 20 
hours, respectively, and; Group 2 - 20, 11 and 14 hours, respectively. 
These period differences were highly significant (P<D.01). Incidence of 
clinical anestrus among the heifers was 33% during Period 2. The pro­
portion of the heifers that initiated the estrual periods during the late 
night was 76% in contrast to 24% in the daytime hours. The difference 
was highly significant. In general, hot climatic conditions depressed 
the intensity of estrus. Also, vulval enlargement during estrus was 
greater under cool than under hot climatic conditions. The time of onset 
of post-ovulatory bleeding was decreased under hot climatic conditions in 
comparison with cool climatic conditions. Cervical mucus smears during
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estrus showed significantly (P^O.Ol) larger crystals and higher quanti­
tative scores than during other stages of the estrous cycle. It should 
be emphasized that cervical mucus samples should be free of vaginal 
contamination.
Body temperatures and adrenal responses (total eosinophil count) 
were significantly greater (P^p.O) on the day of estrus than at any other 
stage of the estrous cycle, while thyroidal activity was depressed 
(P<0.O1) and (P40.05) for Periods I and 2 and for Period 3, respectively. 
Eosinophilia, neutrophilia and lymphopenia (general leucocytosis) were 
observed during estrus. A significant correlation coefficient 
(r = 0.57) was obtained between the duration of estrus and the 
neutrophil-lymphocyte ratio.
The average daily body gains of all of the heifers during Period 1 
and 2 were 2.29 lb. and 0.92 lb., respectively. This difference was 
highly significant (P^O.Ol). During Period 3, the average daily gains 
for Groups 1 and 2 were 2.19 lb. and 1.80 lb., respectively (P^ .0.05). 
Height at withers and body length measurements followed the same pattern.
The manifestations of the adaptation phenomenon during Period 2 
(controlled and cycled hot climatic conditions) consisted of changes in 
hair coat, growth responses, reproductive responses, endocrine status, 
body temperatures and blood components. By the end of the fifth week of 
this period, the shedding of the hair coat of the heifers was complete. 
During the first, second, third and fourth fortnights of Period 2, the 
average daily gains in body weight were 1.20, -1.12, 1*08 and 2.30 lb., 
respectively. Thus, a depression in growth rate was followed by an 
increase growth rate, indicating adjustment or adaptation. This adjust­
ment was further substantiated by the growth rates of Group 2 during 
Period 3 (natural summer climatic conditions) which was 1.80 lb. daily in
103
spite of a change in silage feeding.
Anestrus was quite evident during the first four weeks of Period 2. 
However, the heifers resumed normal estrous cycles by the end of the fifth 
week of this period with the exception of one heifer who remained 
anestrus throughout Periods 2 and 3.
Thyroidal activity of the heifers as measured by the Triomet method
131(red blood cell uptake of I in vitro) during Periods 1 and 2 for both 
groups of heifers was 10.2 and 7.8, respectively (P^O.Ol). During 
Period 3, the values for Groups 1 and 2 were 12.2 and 7.4, respectively 
(P^.0.01). Thus, after a depression of thyroidal activity under hot 
climatic conditions there was a stabilized level.
From above results and a review of the literature, the following 
conclusions appear to be justified:
1. The duration of estrus is shorter under hot climatic conditions 
than under cool climatic conditions, requiring more frequent observations 
for estrus.
2. Anestrus becomes a more important breeding problem under hot 
climatic conditions than under cool climatic conditions. However, some 
of this can be overcome by more frequent observations of the herd for 
estrus.
3. Cervical mucus smears and body temperatures can be of use as an 
aid in diagnosing estrus and anestrus. Blood components such as white 
blood cells, red blood cells, thrombocytes and the neutrophil-lymphocyte 
ratio also may be helpful.
4. Dairy heifers can adapt quite well to cycled hot climatic con­
ditions and resume almost normal growth rates under these conditions 
provided the nutritional requirements are adequately met. Such pro­
ductive responses are the real or "acid" test of adaptation.
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5. More studies are needed on the relationships between adaptation 
and blood components and adrenal status of cattle.
6. The results presented herein should afford a better understand* 
ing of the nature of anestrus and adaptation of dairy cattle to heat 
stress. This may prove to be helpful in improving management practices 
as well as feeding practices in the subtropical and tropical areas of 
the world.
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VIII. APPENDIX
TABLE 1
Analysis of variance of cervical mucus scores during Period 1 and Period 2
Source of Variation Degree of
Freedom
Sum of 
Squares
Mean sum 
of Squares F
Total 89 301.32
Between Periods (P) 1 7,44 7.44 18.33**
Between Animals (A) 8 4.78 0.598 1.46
P X A 8 1.36 0.170 0.04
Between Days (D) 4 234.41 58,50 142.76**
Day 1 + Day 3 vs Others 1 79.76 79.76 194.29**
Day 1 vs Day 3 1 139.08 139.08 338.80**
Day 19 vs Day 6 + Day 13 1 14.65 14.65 35.69**
Day 6 vs Day 13 1 1.37 1.37 3.34
D X P 4 11.64 2.91 7,09**
A X D 32 28.55 0.89 2.17*
A X D X P (Residual) 32 13.14 0.41
Significant at P^0.05
•jjg'fc
Highly significant at P 0.01
TABLE 2
Analysis of variance cervical mucus scores during Period 3
Source of Variation Degree of 
Freedom
Sum of 
Squares
Mean sum 
of Squares F
Total 24 84.38
Between Groups (G) 1 2.16 2.16 13.23**
Between Days (D) 77.91 19.48 119.56**
Day 1 + Day 3 vs Others 1 23.86 23.86 149.12**
Day 1 vs Day 3 1 36.94 36.94 230.87**
Day 19 vs Day 6 + Day 13 I 16.53 16.53 103.31**
Day 6 vs Day 13 1 0.46 0.46 2.8
D X G 4 0.47 0.47 2.88
Among Animals/ within
G X D 15 0.16 0.16
Highly significant at P^p.01
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TABLE 3
Average quantitative scores for cervical mucus smears
Period Davs of estrous cvc le
1 3 6 13 19
1 4.80 0.60 0.70 0.30 2.20
2 4.80 0.70 0.12 0,05 0,47
3a 5.00 1.50 0.80 0.07 3.50
3b 4.86 0.80 0.20 0.03 1.86
Refers to the chamber conditions in Period 3
Refers to the outside summer conditions at the stanchion barn, 
outside the chamber
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TABLE 5
Duration of heat (in hours) as related to Neutrophil: lymphocyte ratio
Chain tag number of animals Period Group Duration of 
heat
N/L rf
633 1 1
(hours)
18 0.550
637 1 1 30 1.052
641 1 1 18 0.327
643 1 1 36 0.560
631 1 2 18 0.450
636 2 18 0.695
638 1 2 18 0.853
642 1 2 18 0.875
647 1 2 18 0.612
633 2 1 18 0.372
637 ► 2 1 18 0.481
641 2 1 6 0.117
643 2 1 18 0.339
631 2 2 2 0.317
636 2 2 6 , 0.334
638 2 2 18 0.600
642 2 2 18 0.418
647 2 2 18 0.379
633 3 1 19 0.584
637 3 1 19 0.560
641 3 1 17 0.345
643 3 1 14 0.667
631 3 2 6 0.334
638 3 2 6 0.267
642 3 2 19 0.560
647 3 2 17 0.529
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TABLE 5
Body temperatures of the experimental animals during Periods 2 and 3
Chain tag Body temperatures on different days C°F)
number of
nni mfl Is _ _ __ Da vs of first month
Days 
Sec.
of
Month
4 7 10 13 16 23 30 30
631 103,5
Period 2 
104.0 104.4 104.2 104.3 104.2 104.0 104.0
633 102.7 104.1 102.9 102.6 102.7 102.7 102.4 102.6
636 103,7 103.2 102. 7 103.1 103.1 102. 7 102.4 102.2
637 103.6 103.5 104.3 104.1 103.7 104. 1 103.3 103.6
638 102.5 102.6 102.3 102.7 102.3 102,3 102.0 102.2
641 102.8 103.2 102. 7 102.7 102.9 102.5 102.9 102.7
642 102,6 103.2 103.5 103.3 103.2 103.1 102.5 102.6
643 103.5 103,9 103.7 103.8 103.8 104.0 103.8 103.4
644 103.5 103.0 103.9 103.3 103.5 103.8 104.5 104.0
647 103.9 103,6 103.1 103.5 103.1 103.5 103.7 103.4
Average 103.2 103.3 103.4 103.3 103.3 103.3 103.3 103.1
633a 100.0
Period 3 
100.8 100.5 101.0 100.9 101.1 101.5 101.4
637a 101,4 100.6 101.1 101.2 101.4 101.1 101.6 101.0
64 la 100.8 100.5 101.0 101.1 101.0 101.1 101.1 100.8
643a 101.5 101.4 101.2 101.1 101.7 101.5 101.1 101.6
644a 101.5 101.8 101.4 101,4 101.7 101.6 101.6 101.5
Average 101.0 101.0 101.0 101.1 101.3 101.2 101.3 101.3
631b 103.1 103.6 103.5 103.7 102.7 103.8 103.5 103.3
636b 101.6 101.6 101.1 102.3 101.4 102.3 101.9 103.6
638b 102.1 101.8 101.9 102.5 101.2 102.2 101.8 102.3
642b 101.8 101.6 101.5 102.6 101.6 102.4 102.3 103.6
647b 102.4 101,6 102.5 102. 7 101.8 102.6 103.0 103.3
Average 102.2 102.2 102.1 102.7 101.7 102.6 102.5 103.2
Refers to animals in air conditioning phase of Period 3
Refers to animals in natural summer climatic conditions at the 
stanchion barn, outside the chamber in Period 3
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